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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an illumination optical system for 
reducing brightness non-uniformity of illumination light on an object to be 
irradiated by reducing light amount loss of the illumination light when S- 
polarizing a polarization state of the illumination light in deformation illumination 
such as ring band illumination, and to provide a projection exposure device. 
SOLUTION: An illumination optical device is provided with a polarization 
conversion member for converting the polarization state of the illumination light 
into a desired polarization state in the optical system, and a brightness non- 
uniformity canceling means for reducing the brightness non-uniformity of the 
illumination light on the object to be irradiated caused by the polarization 
conversion member. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 

[Claim(s)] 
[Claim 1] 

It Is an illumination optical device which irradiates the 1 st object with illumination light from a light source via an illumination-light 
study system, 

Said light source generates said illumination light by a single polarization condition substantially. 

Said illumination-light study system is an illumination equalization component in order to equalize substantially illumination of 
illumination light with which it irradiates on said 1st object, 

A polarization conversion component which changes into a predetermined polarization condition a polarization condition of said 
illumination light which is arranged from said illumination equalization component at said light source side, and is distributed over a 
specific zona-orbicularis field which is a predetermined zona-orbicularis equivalent field within a predetermined field vertical to an 
optic axis of said illumination-light study system, 

An illumination optical device provided with an illumination uneven solving means for canceling the illumination heterogeneity of said 
illumination light on said 1 st object produced by said polarization conversion component 

[Claim 2] 

The illumination optical device according to claim 1 making specific illumination light which penetrates said specific zona-orbicularis 
field among said illumination light, and is irradiated by said 1st object in the predetermined incidence angle degree range into 
illumination light of a polarization condition which uses S polarization as the main ingredients. 
[Claim 3] 

The illumination optical device according to claim 1 or 2. wherein said predetermined polarization condition of said illumination light 
distributed over said specific zona-orbicularis field is a polarization condition which uses linear polarized light of a circumferenciai 
direction centering on said optic axis of said illumination-light study system as the main ingredients. 
[Claim 4] 

The illumination optical device according to any one of claims 1 to 3, wherein said predetermined field is a Fourier transformation 
plane to said 1 st object in said illumination-light study system. 
[Claim 5] 

The illumination optical device according to any one of claims 1 to 4 having a luminous-flux-limiting component which restricts said 
illumination light irradiated by said 1st object to light flux distributed in said specific zona-orbicularis field. 
[Claim 6] 

The illumination optical device according to claim 5, wherein said luminous-flux-limiting component restricts said light flux in two or 
more discrete fields still more nearly substantially in said specific zona-orbicularis field. 
[Claim 7] 

The illumination optical device according to claim 5 or 6, wherein said luminous-flux-limiting component contains a diffraction optical 
element provided between said light source and said polarization conversion component 
[Claim 8] 

The illumination optical device according to any one of claims 1 to 7, wherein said polarization conversion component arranges several 
wavelength plates with which reference directions differ in a position different respectively within a field vertical to said optic axis of 

said illumination-light study system. 
[Claim 9] 

The illumination optical device according to claim 8, wherein said illumination light which enters into said polarization conversion 
component is illumination light which uses linear polarized light as the main ingredients and said wavelength plate is 1/2 wavelength 
plate. 
[Claim 10] 

The illumination optical device according to claim 8, wherein said illumination light which enters into said polarization conversion 
component is illumination light which uses circulariy polarized light as the main ingredients and said wavelength plate is 1/4 
wavelength plate. 
[Claim 11] 

The illumination optical device according to any one of claims 8 to 10, wherein said illumination uneven solving means includes 
maintaining structure which holds said two or more wavelength plates out of an optical path of said illumination light 
[Claim 12] 

The illumination optical device according to any one of claims 8 to 1 0, wherein said illumination uneven solving means contains a 
transparent substrate to said illumination light holding said two or more wavelength plates. 

[Claim 13] 

The illumination optical device according to any one of claims 1 to 12. wherein said illumination equalization component is a fly eye 

lens. 

[Claim 14] 
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The illumination optical device according to claim 13. wherein said illumination uneven solving means is a component which covers 
light flux of a portion which is equivalent to a boundary part of two or more of said wavelength plates which constitute said 
polarization conversion component in its conjugate side near the injection side of said fly eye lens. 
[Claim 15] 

Said illumination uneven solving means width of an Illumination fall portion formed in an incident side of said fly eye lens of a boundary 
part of two or more of said wavelength plates which constitute said polarization conversion component, The illumination optical device 
according to claim 13 or 14 including a function which cancels the illumination heterogeneity of said illumination light on said 1st 
object by extending more than width of each lens element which constitutes said fly eye lens. 
[Claim 16] 

An illumination optical device given In any 1 clause of Claim 1 having an attach/detach mechanism in which said polarization 
conversion component is made to evacuate out of an optical path of said illumination light to 1 5. 
[Claim 17] 

A projection aligner having a projection optica! system which projects an image of a pattern on said 1 st object on the 2nd object while 
having an illumination optical device of any one description of 16 from Claim 1 as an illumination optical device which illuminates the 
1 st object. 
[Claim 18] 

An exposure method characterized by exposing a photo conductor as said 2nd object by an image of a pattern of a mask as said 1 st 
object using the projection aligner according to claim 1 7. 
[Claim 19] 

It is a device manufacturing method including a lithography process, 

A device manufacturing method transferring a pattern to a photo conductor using the exposure method according to claim 1 8 by said 
lithography process. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

[Field of the Invention] 

[0001] 

This invention relates to the exposure technology which illuminates a mask pattern with the light of a predetermined polarization 
condition in more detail about the exposure technology used by the lithography process for manufacturing various devices, such as 
Integrated Circuit Sub-Division (LSI etc.), an image sensor, or a liquid crystal display, for example. This invention relates to the device 
fabrication technology of using the exposure technology. 
[Background of the Invention] 
[0002] 

Formation of the minute pattern of electron devices, such as Integrated Circuit Sub-Division or a liquid crystal display, is faced, The 
method of reducing and carrying out exposure transfer of the patterns (or photo mask etc.) of the reticle as a mask which carried out 
proportionality expansion of the pattern which should be formed at about 4 to 5 times, and drew on the wafers (or glass plate etc.) as 
an exposed substrate (photo conductor) via a projection optical system is used. On the occasion of the exposure transfer, the 
scanning exposure [, such as standstill exposure types such as a stepper, and a scanning stepper. ] type projection aligner is used. 
The resolution of a projection optical system is proportional to the value which divided the exposure wavelength by the numerical 
aperture (NA) of the projection optical system. With the numerical aperture (NA) of a projection optical system, the sine (sin) of the 
maximum incident angle of UEHAHE of the illumination light for exposure is multiplied by the refractive index of the medium which the 
light flux passes. 
[0003] 

Therefore, in order to correspond to miniaturizations, such as Integrated Circuit Sub-Division, short wavelength formation of the 
exposure wavelength of a projection aligner has been carried out more. Although 248 nm of an exposure wavelength of a KrF excimer 
laser is in use now, no less than 193 nm of the ArF excimer laser of short wavelength is going into a utilization stage more. And F2 
[ with a wavelength of 1 57 nm of short wavelength ] Laser and Ar2 [ with a wavelength of 1 26 nm ] The proposal of the projection 
aligner which uses light sources of what is called a vacuum ultraviolet area, such as laser, is also performed. The development for 
forming a projection optical system into large NA further, since high-resolution-izing is possible is also made not only by short 
wavelength formation but by Taikai talkative-ization (formation of large NA) of the projection optical system, and NA of the latest 
present projection optical system is about 0.8. 
[0004] 

On the other hand, even if it uses the same exposure wavelength and the projection optical system of the same NA, the resolution of 
the pattern transferred as improving technology, What is called super resolution technology, such as a method of using what is called 
a phase shift reticle, zona-orbicularis Lighting Sub-Division which controls incidence angle degree distribution of RECHIKURUHE of 
the illumination light to predetermined distribution. 2 pole Lighting Sub-Division. 4 pole Lighting Sub-Division, is also put in practical 
use. 
[0005] 

In them, zona-orbicularis Lighting Sub-Division restricts the incidence angle degree range of the reticle of the illumination light to a 
predetermined angle range, namely, by limiting distribution of the illumination light in the pupil surface of an illumination-light study 
system in the predetermined zona-orbicularis field centering on the optic axis of an illumination-light study system, An effect is 
demonstrated to improvement in resolution and the depth of focus (for example, refer to JP,S61-91662,A). on the other hand 2 
very — Lighting Sub-Division and 4 — there being no Lighting Sub-Division, and it being limiting in the direction corresponding to the 
directivity of the pattern, and also about the incident direction of the illumination light, only in the incidence angle degree range, very 
much, when the pattern on a reticle is a pattern which has specific directivity. Resolution and the depth of focus are improved 
substantially (for example, refer to JP,H4-101 148,A and JP,H4-225357,A). 
[0006] 

The polarization condition of the illumination light is optimized to the direction of the pattern on a reticle, and the trial which improves 
resolution and the depth of focus is also proposed. This method improves the contrast of a transfer image, etc. by considering it as 
the linear polarized light which has a polarization direction (the direction of an electric field) in the direction parallel to the direction 
which intersects the illumination light perpendicularly with the period directions of a pattern, i.e., the longitudinal direction of a pattern, 
(for example, refer to nonpatent literature 1). 
[0007] 

Also in zona-orbicularis Lighting Sub-Division, the illumination light the polarization direction of the illumination light in the pupil 
surface of an illumination-light study system. 

The trial which it tends to be made to agree with the circumferencial direction in the zona-orbicularis field over which it is distributed, 
and is going to raise resolution, contrast, etc. of a projection image is also proposed (for example, refer to patent documents 1 ). 
[Patent documents 1] JP,H6-53120.A 
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[Nonpatent literature 1] Thimothy A. Brunner. et al.: "High NA Lithograpliic imaging at BrewsteKs angel", SPIE Vo(U.S.)1.4691. and 

pp,1-24 (2002) 

[Description of the Invention] 
[Problem to be solved by the invention] 
[0008] 

in the Prior art like the above, when zona-orbicularis Lighting Sub-Division was performed and it was going to make the polarization 
condition of the Illumination light into the linear polarized light which is substantially in agreement with the circumferencial direction of 
a zona-orbicularis field in the pupil surface of an illumination-light study system, the loss of the amount of illumination light increased 
and there was a problem that illumination efficiency fell. 
[0009] 

When this is explained in full detail, the illumination light ejected from the narrow band-ized KrF excimer laser light source which is 
the mainstream in recent years is uniform linear polarized light Since a reticle will be illuminated by uniform linear polarized light if a 
polarization condition as it is is maintained and this is led to a reticle, it cannot be overemphasized that the linear polarized light 
which is in agreement with the circumferencial direction of the zona-orbicularis field of the pupil surface of the above illumination- 
light study systems is unrealizable. 
[0010] 

In the field which uses the laser light source of linear polarized light and becomes a relation of the Fourier transform to the reticle 
pattern in an illumination-light study system in the above-mentioned patent documents 1 (namely, inside of a pupil surface), a 
predetermined ****** field and 2 — very — a field or 4 — by arranging the spatial filter which penetrates the illumination luminous 
flux distributed very much only over a field, and arranging two or more 1/2 wavelength plates which the direction of the optical axis 
rotated mutually to each transparent part of the spatial filter. Realizing linear polarized light which coincided the polarization condition 
of the illumination light with the circumferencial direction centering on an illumination-light study system optic axis substantially 
without the light volume loss of the illumination light is proposed. 
[0011] 

However, the above-mentioned Fourier transformation plane which is a locating position of two or more 1/2 above-mentioned 
wavelength plates indicated by the patent documents 1 is a field which is in agreement with the injection side of the fly eye lens 
which is an illumination equalization means in general. And since 1/2 wavelength plate which functions effectively also to such 
illumination luminous flux corresponds to the big difference angle (incidence angle) of the illumination luminous flux, it is necessary to 
consider it as a very thin wavelength plate, and SUBJECT that the processing is difficult occurs. 
[0012] 

In the embodiment of Lighting Sub-Division (4 very Lighting Sub-Division) which distributes illumination luminous flux over four 
predetermined fields in the above-mentioned Fourier transformation plane, the patent documents 1 are indicating that two or more 
1/2 above-mentioned wavelength plates may be arranged from a fly eye lens to the light source side. Generally, since the difference 
angle of the illumination light is small, the demand of the incidence angle degree characteristic to 1/2 wavelength plate will be eased 
at a light source side [ fly eye lens ]. 
[0013] 

However, if two or more 1/2 above-mentioned wavelength plates are arranged from a fly eye lens to the light source side to zona- 
orbicularis Lighting Sub-Division, it will be easy to produce the illumination heterogeneity (illumination unevenness) of the illumination 
luminous flux in a reticle side. In zona-orbicularis Lighting Sub-Division, a fly eye lens needs to be continuously arranged on the pupil 
surface in an illumination-light study system. As a result since the illumination light in which it was shaded by a border area, 
maintaining structure, etc. of the wavelength plate of the above-mentioned plurality, and the homogeneity of illumination got worse 
will enter into a fly eye lens, it is because that adverse effect remains also in a reticle side. 
[0014] 

This invention is made in view of such SUBJECT, is faced illuminating masks, such as a reticle, by the illumination light of a 
predetermined polarization condition, and sets it as the 1 st purpose to provide the made exposure technology which lessens a light 
volume loss and can attain good illumination homogeneity. 

[0015] 

This invention faces the polarization condition of the illumination light in fields, such as zona orbicularis on the pupil surface of an 
illumination-light study system, two poles, or four poles, setting it as a predetermined state, It sets it as the 2nd purpose to provide 
the exposure technology which can improve resolution etc. without being able to lessen the fall of the amount of illumination light and 
reducing most throughput as the result. 
[0016] 

An object of this invention is also to provide the device fabrication technology in which a highly efficient device can be manufactured 
by high throughput, using the above-mentioned exposure technology. 
[Means for solving problem] 
[0017] 

Via an illumination-light study system (ILS). the 1 st illumination optical device by this invention is the illumination light from a light 
source (1) an illumination optical device with which the 1st object (R) is irradiated, and the light source, By a single polarization 
condition, generate the illumination light substantially and the illumination-light study system. In order to equalize substantially the 
illumination of the illumination light with which it irradiates on the 1st object An illumination equalization component (14), The 
polarization condition of said illumination light which is arranged from the illumination equalization component at the light source side, 
and is distributed over the specific zona-orbicularis field which is a predetermined zona-orbicularis equivalent field within a 
predetermined field vertical to the optic axis (AX2) of the illumination-light study system, It has an illumination uneven solving means 
(81 grade) for canceling the illumination heterogeneity of the illumination light on the 1st object produced by the polarization 
conversion components (12a etc.) changed into a predetermined polarization condition, and the polarization conversion component of 
those. 
[0018] 



i://www4.ipdl.inpit.go.jp/cgi-bm/tran web cgi ejje?atw_u=http%3A%2F%2Fwww4.ipdI.inpit.go jp%2FTokujitu%2Fl3ite.., 4/5/201 1 



JP,2005-166871,A [DETAILED DESCRIPTION] Page 3 of 14 



According to this this invention, it is possible by making the construction material, the thickness, and ****** of the polarization 
conversion component into a predetermined thing, respectively, for example to change into a predetermined polarization condition the 
polarization condition of the illumination light which passes through the specific zona-orbicularis field among the illumination light 
ejected from the light source. 

A polarization conversion component can be written with arranging from an illumination equalization component to the light source 
side, and the difference angle of the illumination luminous flux which penetrates a polarization conversion component, i.e., the 
incidence angle to a polarization conversion component can be made small. As a result the degree of option of a polarization 
conversion component increases, the implementability is improved, and control of the polarization condition of the illumination light in 
the state where there is almost no light volume loss can be realized. 
[0019] 

In this case, it can pass through that specific zona-orbicularis field among that illumination light and the specific illumination light 
(ILL1. ILD1 grade) irradiated by that 1st object with the predetermined degree (phi) of incidence angle can be made into the 
illumination light of the polarization condition which uses S polarization as the main Ingredients. 
[0020] 

Also suppose that it is a polarization condition which uses as the main Ingredients linear polarized light of the circumferencial 
direction [ polarization condition / of the illumination light distributed over the specific zona-orbicularis field / the / predetermined ] 
centering on the optic axis of the illumination-light study system. And the predetermined field can be made into the Fourier 
transformation plane to the 1st object In the Illumination-light study system. 
[0021] 

It may have a luminous-fiux-llmiting component (9a, 9b) which restricts the illumination light Irradiated by the 1st object to the light 
flux substantially distributed in the specific zona-orbicularis field. The luminous-fiux-limiting component may restrict the light flux in 
two or more discrete fields still more nearly substantially in the specific zona-orbicularis field. Zona-orbicularis Lighting Sub-Division. 
2 pole Lighting Sub-Division, or 4 pole Lighting Sub-Division can be realized without reducing most amounts of Illumination light in 
these cases. 
[0022] 

The lumlnous-flux-limiting component contains the diffraction optical element arranged between the light source and its polarization 
conversion component as an example. By using a diffraction optical element, a light volume loss can be decreased further. 
[0023] 

The polarization conversion component arranges as an example several wavelength plates (12a. 12b, etc.) with which reference 
directions differ in a position different respectively within a field vertical to the optic axis of the illumination-light study system. The 
polarization condition of the illumination light after passing two or more of the wavelength plates is controllable by this in the 
predetermined state with high precision. 
[0024] 

As an example, said illumination light which enters into the polarization conversion component is illumination light which uses linear 
polarized light as the main ingredients, and uses what has arranged two or more 1/2 wavelength plates as the polarization conversion 
component for a position different respectively within a field vertical to the optic axis of the Illumination-light study system. 
[0025] 

Or as an example, said illumination light which enters into the polarization conversion component is illumination light which uses 
circulariy polarized light as the main ingredients, and uses what has arranged two or more 1/4 wavelength plates as the polarization 
conversion component for a position different respectively within a field vertical to the optic axis of the illumination-light study 
system. 
[0026] 

The Illumination uneven solving means shall include the maintaining structure (13a, 13b. etc.) which holds two or more of the 
wavelength plates out of the optical path of the illumination light 

The illumination uneven solving means shall contain a transparent substrate as an example to the illumination light holding said two or 

more wavelength plates. 

[0027] 

The illumination equalization component is a fly eye lens (14) as an example. 

Let the illumination uneven solving means be a shielding member (B1 grade) arranged to its conjugate side near the injection side of 
the fly eye lens as an example. In its conjugate side near the injection side of that fly eye lens, it can be supposed that it is this 
shielding member a component which covers the light flux of the portion equivalent to the boundary part of two or more wavelength 
plates which constitute that polarization conversion component. By this, the Illumination homogeneity of the Illumination light on the 
1 St object can be improved further. 
[0028] 

The width of the illumination fall portion formed in the entrance plane of the fly eye lens in the illumination uneven solving means as 
an example of the boundary part of two or more wavelength plates which constitute the polarization conversion component By 
extending more than the width of each lens element which constitutes the fly eye lens, the illumination heterogeneity of said 
illumination light on said 1 st object shall be canceled. By this, there is no loss of the amount of illumination light and the illumination 
homogeneity of the Illumination light on the 1 st object can be improved further. 

[0029] ■ _ 

The illumination optical device of this invention can also be provided with the attach/detach mechanism In which the polarization 
conversion component is made to evacuate out of the optical path of the illumination light as an example. 

Next, the exposure device by this invention has an illumination optical device of this invention as an illumination optical device which 
illuminates the 1st object and has a projection optical system (25) which projects the image of the pattern on said 1st object on the 
2nd object By this invention, the circumferencial direction of the specific zona-orbicularis field can be made into a predetermined 
polarization condition in the state where the polarization condition of the Illumination light which passes through the specific zona- 
orbicularis field does not almost have a light volume loss In the Illumination light which illuminates the 1 st object. 
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[0030] 

As an example, it can pass through the specific zona-orbicularis field, and the specific illumination light irradiated by the 1 st object in 
the predetermined incidence angle degree range can be made into the illumination light of the polarization condition which uses S 
polarization as the main ingredients. The image formation performance at the time of projecting the minute pattern formed on the 1st 
object on the 2nd object via a projection optical system by this can be improved. 
[0031] 

A luminous-flux-iimiting component may be provided in the illumination optical device in the exposure device of this invention, and the 
illumination light irradiated by the 1 st object may be restricted in the specific zona-orbicularis field. Thereby, the 1 st object is 
illuminated by the linear polarized light which has the polarization direction which are the conditions of zona-orbicularis Lighting Sub- 
Division mostly, and was in agreement with the circumferencial direction of the zona-orbicularis field. Since image formation of the 
projection image of the line and space pattern arranged with the fine pitch in the arbitrary directions on the 1 st object by this is 
mainly carried out by the illumination light with a polarization direction parallel to the longitudinal direction of a line pattern, imaging 
characteristics, such as contrast, resolution, and the depth of focus, are improved. 
[0032] 

The luminous-flux-limiting component may restrict the illumination light irradiated by the 1 st object in two or more still more specific 
substantially discrete fields in the specific zona-orbicularis field. Thereby, the 1st object is the conditions of 2 pole Lighting Sub- 
Division, 4 pole Lighting Sub-Division, etc., and is illuminated by the linear polarized light in agreement with the circumferencial 
direction of two or more of the discrete fields. Since image formation of the projection image of the line and space pattern arranged 
with the fine pitch in the predetermined direction on the 1 st object by this is mainly carried out by the illumination light with a 
polarization direction parallel to the longitudinal direction of a line pattern, imaging characteristics, such as contrast, resolution, and 
the depth of focus, are improved. 
[0033] 

Next, the exposure method by this invention exposes the photo conductor (W) as the 2nd object by the image of the pattern of the 
mask (R) as the 1st object using the projection aligner of this invention. By this invention, while being able to illuminate the 1st object 
with zona-orbicularis Lighting Sub-Division, 2 pole Lighting Sub-Division, or 4 pole Lighting Sub-Division, the polarization condition of 
the illumination light which enters into the 1 st object can be made into a polarization condition suitable for exposure of the minute 
pattern on a mask. Therefore, the pattern formed with the fine pitch on the mask in the state where there is almost no light volume 
loss can be transferred with a good imaging characteristic. 
[0034] 

The device manufacturing method by this invention is a device manufacturing method including a lithography process, and transfers a 
pattern to a photo conductor using the exposure method of this invention by the lithography process. According to this invention, it is 
high throughput and a pattern can be transferred with a high imaging characteristic. 
[Effect of the Invention] 
[0035] 

According to this invention, since the polarization condition of the **** illumination light for polarization conversion components is 
controlled, the light volume loss at the time of illuminating the 1st object (mask) by the illumination light of a predetermined 
polarization condition can be lessened. Since the polarization conversion component is arranged to the light source side rather than 
illumination equalization means, such as a fly eye lens, it is effective in that there are few restrictions on selection of a polarization 
conversion component. 
[0036] 

According to this invention, since the heterogeneity of the illumination of the illumination light on the 1st object produced by a 
polarization conversion component is canceled by an illumination uneven solving means, it is possible to realize the good illumination 
optical device and projection aligner of illumination homogeneity. 
[0037] 

The 1 st object by using a luminous-flux-limiting component Zona-orbicularis Lighting Sub-Division, 2 — very — Lighting Sub-Division 
or 4 — the polarization condition of the illumination light which passes through at least some fields of a specific zona-orbicularis field 
can be set as the state of using linear polarization parallel to the circumferencial direction of the specific zona-orbicularis field as the 
main ingredients, without reducing most amounts of illumination light, when illuminating with Lighting Sub-Division etc. very much. 
[0038] 

Therefore, in the exposure device provided with such an illumination-light study system, the imaging characteristic at the time of 
exposing the pattern which has arranged the line pattern which has a longitudinal direction in accordance with the direction of the 
linear polarized light on the 1 st object with the fine pitch can be raised. By irradiating with the polarization condition of the 
illumination light which is zona-orbicularis Lighting Sub-Division about the 1 st object, and passes through at least some fields of a 
specific zona-orbicularis field by the illumination light In the state of using linear polarized light parallel to the circumferencial 
direction of the specific zona-orbicularis field as the main ingredients. The imaging characteristic of the pattern which has arbitrary 
directivity on the 1 st object can be raised. 
[0039] 

The projection aligner and exposure method which realize the above-mentioned improvement in image formation performance without 
the fall of throughput (throughput) can be provided by using a luminous-flux-limiting component by realizing above-mentioned zona- 
orbicularis Lighting Sub-Division, 2 pole Lighting Sub-Division, or 4 pole Lighting Sub-Division etc., without reducing most amounts of 
illumination light. 

[Best Mode of Carrying Out the Invention] 
[0040] 

Hereafter, with reference to Drawings, it explains per example of the desirable embodiment of this invention. This example applies this 
invention, when exposing with the scanning exposure type projection aligner (scanning stepper) which consists of a step and scanning 
method. 
[0041] 
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Drawing 1 is the figure which cut and lacked the part which shows the outline composition of the projection aligner of this example 
containing the illumination optical device of this example, and the projection aligner of this example is provided with the light source 1 , 
and illumination-light study system ILS and the projection optical system 25 in this drawing 1 . Among these, the light source 1 and 
illumination-light study system ILS constitute an illumination optical device, and this serves as an example of the desirable 
embodiment of the illumination optical device of this invention. 
[0042] 

Illumination-light study system ILS the relay lens 2 after the light source 1 (light source) to the condenser lens 20, It has two or more 
optical members arranged along with optic-axis (illumination system optic axis) AX1, AX2, and AX3 (detailed after-mentioned), and the 
lighting field of the pattern surface side (reticle side) of the reticle R as a mask is illuminated according to uniform illuminance 
distribution by illumination-light (exposing light) IL for the exposure as an exposure beam from the light source 1. That is, the light 
source 1 and illumination-light study system ILS constitute the illumination optical device of this example. The image which the latter 
projection optical system 25 is a basis of the illumination light, and reduced the pattern of illuminated viewing Nouchi of the reticle R 
with the projecting magnification M (M is the reducing magnification of 1/4, and 1 / 5 grades), It projects on the exposure region on 
one shot region on the wafer W in which the photoresist as an exposed substrate (substrate) or a photo conductor was applied. It can 
be considered that the reticle R and the wafer W are also the 1st object and the 2nd object, respectively. The wafer W is a disc-like 
substrate whose diameters, such as semiconductors (silicon etc.) or SOI (silicon on insulator), are about 200-300 mm, for example. 
Although the projection optical system 25 of this example is a dioptric system, for example, reflective refractive media etc. can be 
used. 
[0043] 

In drawing 1 , about the projection optical system 25, the reticle R, and the wafer W hereafter, The Z-axis is taken in parallel with 
optic-axis AX4 of the projection optica! system 25, a Y-axis is taken along the reticle R at the time of scanning exposure, and the 
scanning direction (direction parallel to the space of drawing 1) of the wafer W in a flat surface (XY plane) vertical to the Z-axis, and 
the X-axis is taken and explained along a non-scanning direction (direction vertical to the space of drawing 1 ). In this case, the 
lighting field of the reticle R is a field long and slender in the direction of X which is a non-scanning direction, and the exposure 
regions on the wafer W are that lighting field and a long and slender coryugate field. Optic-axis AX4 of the projection optical system 
25 has agreed with illumination system optic-axis AX3 on the reticle R 
[0044] 

First, while adsorption maintenance of the reticle R in which the pattern which should be carried out exposure transfer was formed is 
carried out on the reticle stage 21 and moving in the direction of Y with constant speed on the reticle base 22 in the reticle stage 21, 
It moves slightly to the direction of X, the direction of Y, and the surrounding hand of cut of the Z-axis so that a synchronization 
error may be amended, and the reticle R is scanned. The position of the direction of X of the reticle stage 21 and the direction of Y 
and the angle of rotation are measured by the moving mirror 23 and the laser interferometer 24 which were formed on this. ** 
Based on ******** and the control information from the main control system 34, the reticle stage drive system 32 controls the 
position and speed of the reticle stage 21 via drive mechanisms (un-illustrating), such as a linear motor. Above the periphery of the 
reticle R, the reticle alignment microscope for reticle alignment (un-illustrating) is arranged. 
[0045] 

On the other hand, adsorption maintenance is carried out on the wafer stage 27 via a wafer holder (un-illustrating), and the wafer W is 
laid so that step moving can be carried out in the direction of X. and the direction of Y, while it can move in the direction of Y with 
constant speed on the wafer base 30 in the wafer stage 27. Based on the measurement value of an unillustrated autofocus sensor, Z 
leveling mechanism for doubling the surface of the wafer W with the image surface of the projection optical system 25 is also included 
in the wafer stage 27. The position of the direction of X of the wafer stage 27 and the direction of Y and the angle of rotation are 
measured by the moving mirror 28 and the laser interferometer 29 which were formed on this. Based on this measurement value and 
the control information from the main control system 34, the wafer stage drive system 33 controls the position and speed of the 
wafer stage 27 via drive mechanisms (un-illustrating), such as a linear motor. Near the projection optical system 25, the alignment 
sensor 31 of the FIA (Field Image Alignment) system is arranged by the off-axis system which detects the position of the mark for 
alignment on the wafer W for wafer alignment 
[0046] 

Alignment of the reticle R is performed by the above-mentioned reticle alignment microscope in advance of exposure by the 
projection aligner of this example, Alignment of the wafer W is performed by detecting the position of the mark for alignment formed 
with the circuit pattern by the former exposure process on the wafer W with the alignment sensor 31. Then, where the lighting field on 
the reticle R is irradiated with illumination-light IL. the reticle stage 21 and the wafer stage 27 are driven. The operation which carries 
out the synchronous scan of the reticle R and the one shot region on the wafer W in the direction of Y, and the operation which stops 
luminescence of illumination-light IL. drives the wafer stage 27, and carries out step moving of the wafer W in the direction of X and 
the direction of Y are repeated. The ratio of the scan speed of the reticle stage 21 at the time of the synchronous scan and the 
wafer stage 27 is equal to the projecting magnification M of the projection optical system 25, in order to maintain the image formation 
relation between the reticle R through the projection optical system 25, and the wafer W. Exposure transfer of the pattern image of 
the reticle R is carried out to all the shot regions on the wafer W by a step and scanning method by these operations. 
[0047] 

Next it explains to details per composition of illumination-light study system ILS of this example. In drawing 1 , the ArF (argon 
fluoride) excimer laser (wavelength of 193 nm) is used as the light source 1 of this example. If it is considered as the light source 1, it 
is a KrF (krypton fluoride) excimer laser (wavelength of 248 nm), and F2. Laser (fluorine molecule) (wavelength of 1 57 nm). or Kr2 
Laser light sources, such as laser (krypton molecule) (wavelength of 146 nm), etc. can be used. These laser light sources (the light 
source 1 is Included) are the narrow-band-ized laser or the laser by which wavelength selection was made, and illumination-light IL 
ejected from the light source 1 has become a polarization condition which uses linear polarized light as the main ingredients by the 
above-mentioned narrow-band-izing or wavelength selection. Hereafter, in drawing 1 . a polarization direction (the direction of an 
electric field) explains illumination-light IL immediately after ejecting from the light source 1 as what uses as the main ingredients 
linear polarized light which is in agreement with the direction of X in drawing 1 . 
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[0048] 

Illumination-light IL which emitted the light source 1 enters into the polarization control component 4 (detailed after-mentioned) as a 
polarization control mechanism via the relay lenses 2 and 3 along with illumination system optic-axis AX1 . . Illumination-light IL which 
emitted the polarization control component 4 should pass the zoom optical system (5. 6) which consists of combination of the 
concave tens 5 and the convex lens 6. it being reflected by the mirror 7 for opticahpath bending, and meeting illumination system 
optic-axis AX2 — a diffraction optical element (DOErDiffractive Optical Element) — it enters into 9a. The diffraction optical element 
9a consists of a phase type diffraction grating, and he diffracts in the predetermined direction and it follows illumination-light IL which 
entered. 
[0049] 

It is [ the angle of diffraction of each diffracted light from the diffraction optical element 9a as a luminous-flux-limlting component, 
and ] a direction as mentioned later. 

It corresponds in the position of illumination-light IL on the pupil surface 1 5 of **** and iilumination-Iight study system ILS, and the 
degree of incidence angle and direction of the reticle R of illumination-light IL The multiple arrays of another diffraction optical 
element 9b etc. which have a different diffraction operation from the diffraction optical element 9a and it are carried out on the 
turret-like component 8. By and the thing for which the component 8 is driven by the switchboard style 1 0, for example under control 
of the main control system 34, and the position on the illumination system optic axis AX2 is loaded with the diffraction optical 
element 9a of the arbitrary positions on the component 8, etc. According to the pattern of the reticle R, it is constituted so that the 
incidence angle degree range and direction (or position of the illumination light in the pupil surface 1 5) of the illumination light of the 
reticle R can be set as the range of desired. The incidence angle degree range can be finely tuned auxiliary by moving the concave 
lens 5 and the convex lens 6 which constitute an above-mentioned zoom optical system (5. 6) in the direction of illumination system 
optic-axis AX1, respectively. 
[0050] 

Illumination-light (diffracted light) IL which ejected the diffraction optical element 9a enters into the polarization conversion 
components 1 2a and 1 2b of this invention through the relay lens 1 1 along with illumination system optic-axis AX2. However, the 
polarization conversion component from which plurality separated the polarization conversion components 1 2a and 1 2b into a position 
different, respectively on the predetermined zona-orbicularis field centering on optic-axis AX2 is arranged as mentioned later. And 
since the polarization conversion component does not need to be arranged near optic-axis AX2, not all the illumination luminous flux 
needs to enter into the polarization conversion components 12a and 12b. 
[0051] 

The fly eye lens 14 for equalizing the illuminance distribution of illumination-light IL on the reticle R is arranged from the polarization 
conversion components 12a and 12b at the reticle R side. Illumination-light IL which ejected the fly eye lens 14 results in the mirror 
19 for optical-path bending through the relay lens 16, the field diaphragm 17. and the condenser lens 18, and illumination-light IL 
reflected here illuminates the reticle R through the condenser lens 20 along with illumination system optic-axis AX3. The pattern on 
the reticle R Illuminated in this way is projected by the projection optical system 25 on the wafer W as mentioned above, and is 
transferred. 
[0052] 

The field diaphragm 1 7 can be made into a scanning-type if needed, and it can also scan synchronizing with the scan of the reticle 
stage 21 and the wafer stage 27. In this case, that field diaphragm may be divided into a fixed field diaphragm and a movable field 
diaphragm, and may be constituted. 
[0053] 

In this composition, the field by the side of an injection of the fly eye lens 14 is located near the pupil surface 15 of illumination-light 
study system ILS. The pupil surface 15 acts via the optical member (the relay lens 16. the field diaphragm 17, the condenser lenses 
18 and 20. and mirror 19) In illumination-light study system ILS of a to [ from the pupil surface 15 / the reticle R ] as an optical 
Fourier transformation plane to the pattern surface side (reticle side) of the reticle R. That is, the illumination light which ejected one 
on the pupil surface 1 5 serves as a parallel pencil In general, and irradiates with the reticle R in the predetermined degree of 
incidence angle and incident direction. The degree of incidence angle and incident direction become settled according to the position 
on the pupil surface 1 5 of the light flux. 
[0054] 

Although the mirrors 7 and 1 9 for optical-path bending are not Indispensable in optical performance, since the overall height (height of 
a Z direction) of an exposure device will increase if illumination-light study system ILS is arranged on a straight line, they are 
arranged in the proper place in illumination-light study system ILS for the purpose of a space saving. In accordance with illumination 
system optic-axis AX2. illumination system optic-axis AX1 illumination system optic-axis AX2 corresponds with illumination system 
optic-axis AX3 by reflection of the mirror 19 by reflection of the mirror 7. 
[0055] 

Hereafter, with reference to drawing 2 . the 1st embodiment of the polarization conversion components 12a and 12b in drawing 1 is 

described. 

[0056] 

The polarization conversion components in the 1st embodiment are the 1/2 wavelength plates 12a, 12b, 12c, 12d. 12e, 12f, 12g, and 
1 2h which consist of double refraction materials, such as uniaxial crystal, and are these. 

As shown in drawing 2 ( A), focusing on illumination-light study system optic-axis AX2, the circumference is acfioined, respectively and 
it is arranged. These 1 / 2 wavelength-plate 1 2 a-h are the periphery, and are held in the portion which is outside the optical path of 
Illumination luminous flux by the attachment components 13a, 13b. 13c, 13d, 13e, 13f, 13g, and 13h, respectively. The maintenance is 
performed, for example about the 1/2 wavelength plate 12c with three screws, the presser-foot screw 13c1, 13c2, and 13c3, for 
example, the 1/2 wavelength plate 12d is performed by the presser-foot screw 13dl, and 13d 2 or 13d three screws three. 
[0057] 

Drawing 2 (B) is 1/2 wavelength-plate 12 a-h, and the attachment component on the A-A' line in drawing 2 ( A). 

Sectional views, such as 13 a-h, are expressed. 1/2 wavelength-plate 12 a-h is arranged so that the significant part may cover the 
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zona-orbicularis field (it calls the following "specific zona-orbicularis field") from the inradius ri centering on illumination-light study 
system optic-axis AX2 to the circumradius ro. In the position which is [ more than above-mentioned circumradius ro ] separated from 
optic-axis AX2 on the basis of the sector lacking in the central part, attachment component 1 3 a-h etc. are fixed by the above- 
mentioned presser-foot screw 13c1, 13c2, 13c, etc.. and each of that form is held so that it can arrange that there is no crevice in a 

specific zona-orbicularis field. 
[0058] 

As the attachment component 13c presses down attachment component 13 a-h, and the screw 13c1. 13c2, and 13 d of attachment 
components press it down and it is ****(ed) by the holding frame 13o by two in the screw 13d1 and 13d. each is ****(ed) by the 
holding frame 13o with a predetermined presser-foot screw. The presser-foot screw 13c1 and 13c. such as attachment component 
13 a-h, holding frame 13o, presser-foot screw 13c1, 13c2, and 13c,2 grade constitute the maintaining structure 13 in drawing 1 as 
one. 
[0059] 

the path of illumination luminous flux — change of what is called Lighting Sub-Division sigma, zona-orbiculans Lighting Sub-Division, 
and 2 — very — Lighting Sub-Division and 4 — since it was changed very much by change of Lighting Sub-Division etc. it was not 
fixed, but the circumradius rO in drawing 2 ( B) does not exceed at the maximum. That is, attachment component 1 3 a-h Is considering 
l-/each 2 wavelength-plate 12 a-h which is a polarization conversion component as the composition held out of the optical path of 
said illumination light. And within the limits of the radius rO centering on optic-axis AX2 which may become in the optical path of the 
illumination light, 1/2 wavelength-plate 12 a-h is arranged, without having the maintaining structure used as a shielding member so 
that a crevice may not arise substantially in each adjoining part. | 
[0060] I 

Two or more these 1 / 2 wavelength-plate 1 2 a-h the phase of linear polarized light parallel to the direction. The phase of linear 
polarized light vertical to the direction receives, half a wave is shifted, and as the white arrow corresponding to each showed, the 
**** direction (henceforth a "reference direction") is arranged so that it may turn to a direction which is different within the space of 
drawing 2 (A), respectively. 
[0061] 

That is. about the 1/2 wavelength plates 12a and 12b, the reference direction is set up in parallel with the Z-axis. When the 
illumination light which penetrates wavelength plate 12 a-h has a polarization direction (X polarization) of the direction of X like the 
above-mentioned, In order that the wavelength plates 1 2a and 1 2b which have the above-mentioned reference direction may not 
change the polarization condition of the illumination light, the illumination light which penetrated the wavelength plates 1 2a and 1 2b 
maintains X polarization as it is, and is euected. 
[0062] 

About the 1/2 wavelength plates 12c and 12d, the reference direction is set up in the direction shifted 45 degrees to the reference 
direction of the 1/2 above-mentioned wavelength plates 12a and 12b. At this time, X polarization light which entered into the 1/2 
wavelength plates 12c and 12d turns into linear polarized light (Y polarization) which a polarization condition is changed and has a 
polarization direction in the direction of Y. and ejects. Here, the direction of Y is in agreement with the circumferencial direction of 
the circle which passes along the 1 /2 wavelength plates 1 2c and 1 2d centering on the optic axis AX in a 1 /2 wavelength plates [ 1 2c 
and 1 2d ] position. 
[0063] 

About the 1/2 wavelength plates 12f and 12g, the reference direction Is set up in the direction rotated 22.5 degrees on the right to 
the reference direction of the 1/2 above-mentioned wavelength plates 12a and 12b. At this time, X polarization light which entered 
into the 1/2 wavelength plates 12f and 12g is changed into linear polarization parallel to the straight line expressed with the 
coordinate system in drawing 2 by Z=-X. And about the 1/2 wavelength plates 12e and 12h, the reference direction is set up in the 
direction rotated 22.5 degrees on the left to a 1/2 above-mentioned wavelength plates [ 12e and 12h ] reference direction. At this 
time. X polarization light which entered into the 1 /2 wavelength plates 1 2e and 1 2h is changed into linear polarization parallel to the 
straight line expressed with the coordinate system in drawing 2 by Z=X. 
[0064] 

Each of these polarization directions are in agreement with the circumferencial direction of the circle which passes along the 1/each 
2 wavelength plates 12f, 12g, 12e, and 12h centering on the optic axis AX in each 1/2 wavelength plates [ 12f, 12g, 12e, and 12h ] 
position. The inside of the linear polarized light to the direction of X which entered by this in the field where l-/each 2 wavelength- 
plate 12 a-h is arranged. The illumination light distributed over the zona-orbicularis field of the range of the circumradius ro from the 
inradius ri centering on optic-axis AX2 wilt be substantially changed into the circumferencial direction of the circle [ polarization 
direction / the ] centering on optic-axis AX2 at parallel linear polarized light 
[0065] 

Here, the actual length of the above-mentioned inradius ri and the circumradius ro should be chosen by the design plan etc. of the 
size of the lighting field on the reticle R which should be illuminated, the required numerical aperture of the illumination light, and 
illumination-light study system ILS, and is not generally decided. However, the numerical aperture of the projection optical system 25 
which a projection aligner prepares for the case where the lighting system of this invention is used as an illumination-light study 
system of a projection aligner should be taken into consideration and determined. 
[0066] 

Namely, the coherence factor sigma value which is a ratio of the numerical aperture of the illumination light [ as opposed to the 
numerical aperture (NA) of the projection optical system 25 in the circumradius ro ]. It is preferred to set it as the size which Includes 
the illumination luminous flux equivalent to about [ at least 0.8 or more ], and. as for the inradius ri, it is preferred that the above- 
mentioned sigma value sets it as the size which includes the light flux which is about 0.4. 
[0067] 

About the 1/2 wavelength plates 12a and 12c, it is among above-mentioned 1/2 wavelength-plate 12 a-h, 

Since it is not necessary to have the operation which changes the polarization condition of the illumination light as above-mentioned, 
it can also replace not with 1/2 wavelength plate but with the silica glass etc. which have thickness equivalent to it. and arrangement 
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can also be further omitted depending on tlie case. 
[0068] 

By the way, two or more these 1 / 2 wavelength-plate 12 a-h, Since it is arranged rather than the fly eye lens 14 at the light source 
1 side (incidence side), When dimming (protection from light) of the illumination light arises in each boundary part of 1/2 wavelength- 
plate 12 a-h, the fall of the luminous energy distribution of the illumination light accompanying it makes the homogeneity (illumination 
homogeneity) of the luminous energy distribution of the illumination light on the entrance plane of the fly eye lens 14 get worse. And 
aggravation of this illumination homogeneity will have an adverse effect also on the illumination homogeneity on the reticle R as the 
1 St object that is an object to illuminate, 
[0069] 

However, In this invention. It writes with the composition which does not have the maintaining structure used as a shielding member 
so that a crevice may not arise substantially like the above in each boundary part of 1/2 wavelength-plate 12 a-h, It is possible to 
prevent aggravation of the illumination homogeneity of the illumination light in general on the entrance plane of the fly eye lens 14. As 
a result, it becomes possible [ aggravation of the illumination homogeneity of the illumination light on the reticle R ] to prevent in 
general. 
[0070] 

Therefore, so that a crevice may not produce substantially 1/2 wavelength-plate 12 a-h in each boundary part, And maintaining 
structure 1 3 a-h which has composition which does not have the maintaining structure used as a shielding member, namely, holds two 
or more wavelength plates out of the optical path of the illumination light, It can be concluded that at least a part of illumination 
uneven solving means of this invention for canceling the illumination heterogeneity of the illumination light on the 1st object (reticle R) 
produced by a polarization conversion component (1/2 wavelength-plate 12 a-h) is constituted. 
[0071] 

Here, if a crevice does not arise substantially [ above ], the crevice produced, for example in each boundary part of 1/2 wavelength- 
plate 1 2 a-h will say that it is about 3% or less of the above-mentioned circumradius rO. By fulfilling this condition, it is because it 
becomes possible to reduce the adverse effect which the illumination light which is neither the protection-from-light operation 
accompanying the above-mentioned crevice nor a desirable polarization direction to which it leaks from a crevice has on an imaging 
characteristic to such an extent that it is satisfactory as a matter of fact. 
[0072] 

A means to cancel the heterogeneity of the illuminance distribution of the illumination light on the reticle R resulting from the 
boundary part of a polarization conversion component, As it is not necessarily restricted to the above-mentioned method and is 
shown, for example in drawing 3 (A) and drawing 3 ( B). It is good also as composition which holds two or more 1/2 wavelength plates 
120a. 120b, 120c. 120d. 120e, 120f. 120g, and 120h by the transparent transparent base 120o to illumination light, such as silica glass. 
[0073] 

Drawing 3 (A) is a plan showing two or more 1/2 wavelength-plate 120 a-h which were stuck on such a transparent base 120o, and 
drawing 3 (B) is a sectional view showing the section in the A-A' portion of drawing 3 (A). This attachment can also be stuck to 
exposing light using transparent adhesives etc. if needed, for example, although techniques, such as what is called optical contact, are 
used. 
[0074] 

Direction of each above-mentioned reference direction shown by the white arrow shown in each part of 1/2 wavelength-plate 120 a- 
h in drawing 3 (A) is in agreement with a position corresponding among 1/2 wavelength-plate 12 a-h shown in drawing 2 (A) with 
direction of the reference direction of a certain thing. Therefore, also in this example, when the illumination light which is X 
polarization light enters into 1/2 wavelength-plate 120 a-h held at the substrate 120o, the polarization direction will be changed into 
the linear polarized light which is in agreement with the circumferencial direction of the circle centering on optic-axis AX2 in 
enforcement, and the illumination light will be ejected. 
[0075] 

The conditions which inradius ri2 of 1/2 wavelength-plate 120 a-h shown in drawing 3 ( B) and circumradius ro2 should fulfill are the 
same as the conditions which the inradius ri in the above-mentioned example shown in drawing 2 ( B) and the circumradius ro should 

fulfill. 
[0076] 

Also in this example, it is the same as that of the case of the above-mentioned embodiment that the 1/2 wavelength plates 120a and 
120b may be constituted from silica glass instead of 1/2 wavelength plate, or it may omit. In this example, as for lamination ******, 
the silica glass of the same thickness as 1/2 wavelength-plate 120 a-h, etc. are made also in the about two optic axis AX, i.e., the 
field of radius ri2 centering on optic-axis AX2. 
[0077] 

The adverse effect which the illumination light which is not a desirable polarization direction to which it leaks from the light sheilding 
of a boundary part and boundary part of 1-/each 2 wavelength-plate 120 a-h also as composition like this example has on an imaging 
characteristic, It becomes possible to decrease to such an extent that it is satisfactory as a matter of fact, and the above-mentioned 
composition of this example can also be regarded as constituting at least a part of illumination uneven solving means of this invention 
for canceling the illumination heterogeneity of the illumination light on the 1 st object (reticle R). 
[0078] 

By the way, the crystal which is uniaxial crystal, for example can constitute 1/2 wavelength plate of each above-mentioned example. 
As for the refractive index of crystal, in ArF excimer laser light with a wavelength of 193 nm, the refractive index of 1.6638 and an 
extraordinary ray of the refractive index of an ordinary ray is 1,6774. Since the wavelength of the ordinary ray in the inside of crystal 
and an extraordinary ray breaks vacuum medium wave length (193 nm) by each refractive index, it is 1 16.001 nm and 115.056 nm, 
respectively, and whenever it goes on the inside of crystal by one wave, the 0.945-nm optical path difference is formed among both 
light flux. Therefore, what is necessary is for the thickness of crystal just to be 7.12 micrometers equivalent to the thickness which 
advances by 61.4 (=1 16.001/2/0.945) wavelength, in order to constitute 1/2 wavelength plate. Even if it uses the crystal of the 
x7.1 2micrometer (n is a natural number) thickness which is odd times this thickness (2n+1). 1/2 wavelength plate can be constituted 
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[0079] 

As shown 1 /2 wavelength plate in drawing 2 (A) and drawing 2 ( B). in order to hold, since a certain amount of thickness is required, it 
is preferred [ 1/2 wavelength-plate 12 a-h ] as the thickness odd times the thickness of above-mentioned to increase that thickness 
and intensity in this case. On the other hand, when adopting the holding method shown in drawing 3 ( A) and drawing 3 ( B), the crystal 
of which thickness of the above can also be used, 
[0080] 

When adopting the method shown in drawing 2 (A) and drawing 2 (B). 1/2 wavelength plate of lamination ****** can also be adopted 
for crystal on silica glass etc. 

The composition of 1 /2 wavelength plate is not limited to the above-mentioned crystal, may use other double refraction materials, 
and can also form them using the intrinsic double reflex (Intrinsic Birefringnce) of fluorite. What applied stress to materials, such as 
synthetic quartz which originally does not have a double reflex, and gave birefringence to them can also be used. Also in such a case, 
the thickness for forming 1/2 wavelength plate is computable using a described method from the refractive index to the ordinary ray 
and extraordinary ray of the material. 
[0081] 

When the case where the pattern formed on the reticle R is very detailed, the standard required of the pattern dimension of the 
pattern by which exposure transfer is carried out on the wafer W, etc. are very severe, It produces, also when the illumination 
homogeneity of the illumination light on the reticle R cannot fully be attained only by taking measures which protection from light 
does not produce substantially like the above in each boundary part of 1/2 wavelength-plate 12 a-h. 

[0082] 

So, in such a case, to the projection surface 14b of the fly eye lens 14. The shielding member for shading the illumination light ejected 
from the lens element which has produced the heterogeneity of the illuminance distribution which originates in each boundary part of 
above-mentioned 1/2 wavelength-plate 12 a-h among each lens element which constitutes the fly eye lens 14 Is provided, It is also 
possible to consider illumination heterogeneity of the amount of illumination light on the reticle R produced by the boundary part of 
above-mentioned 1 /2 wavelength-plate 1 2 a-h as the composition prevented thoroughly. 
[0083] 

Hereafter, this composition is explained using drawing 4 , drawing 5 , and drawing 6 . 

Although drawing 4 (A) is a figure showing the composition of 1/2 wavelength-plate 12 a-h, it is the same as that of the composition 
of above-mentioned 1 /2 wavelength-plate 1 2 a-h shown in drawing 2 ( A) or drawing 3 ( A). [ of the details ] And at this time, in the 
boundary part of 1-/each 2 wavelength-plate 12 a-h, although it is small, a light sheilding arises. 
[0084] 

Drawing 4 (B) is the figure which looked at the state where the dimming portion which originates in the boundary part of the 1/2 
wavelength plate concerned at the fly eye lens entrance plane 14a had arisen, from the direction (upstream of the illumination light) of 
-Y. 

In order that El, E2, E3, E4, E5, E6 and E7 which are the boundary parts of 1-/each 2 wavelength-plate 12 a-h, and E8 may dim the 
illumination light, respectively, the dimming regions SI, S2, S3, S4, S5, 36, S7, and S8 are formed in the fly eye lens entrance plane 
14a, respectively. Dimming-regions So equivalent to the boundary part inside 1-/each 2 wavelength-plate 12 a-h (side near optic- 
axis AX2) is also formed in the field 1 4a. 
[0085] 

Drawing 5 (A) is the figure showing the sectional view of each 1/2 wavelength-plate 12 a-h in a B-B' line segment position, and the 
fly eye lens 1 4 shown in drawing 4 ( A) and drawing 4 (B). The boundary part E4, the dimming part S5 by E5. and 84 are formed on the 
B-B' element 144,145 which Is lens element which constitutes the fly eye lens 14 In a line segment position, respectively. Therefore, 
the illumination light of the entrance plane of the element 144,145 becomes uneven [the illuminance distribution ]. 
[0086] 

Here, an operation of the fly eye lens 1 4 is briefly explained using drawing 6 ( A) and drawing 6 ( B). These figures are figures with 
which the illumination homogeneity in the entrance plane 1 4a of the fly eye lens 1 4 explains the influence of the illuminance 
distribution in the case of it being remarkable and being uneven on [ on the reticle R ] in a predetermined element like the above. 
[0087] 

As shown in drawing 6 (A), the illumination light irradiated by the fly eye lens entrance plane 14a is condensed by condensing 
operation (lens action) of each lens element at the projection surface 14b side. And it is ejected from each element as a sending light 
bunch, and they are superimposed on the irradiated object (the 1st object) of reticle R1 grade, and it is irradiated with them. That is, 
the entrance plane and the reticle R1 of each lens element of the fly eye lens 1 4 serve as image formation relations, respectively, and 
the amount distribution of illumination light on the lighting field ILa of the reticle R1 will be equalized by the equalization effect made 
by the above-mentioned superposition operation. 
[0088] 

However, as shown in drawing 6 (B), when the dimming part S5 formed on the lens element 145 is a comparatively steep and big 
shade part of a light volume fall, even if it carries out with the equalization effect by the fly eye lens 14, in amount distribution ILRof 
illumination lightl on the lighting field ILa on the reticle R1, the dimming part S5R produced by the above-mentioned dimming part 85 
will arise, and the case where it cannot equalize thoroughly will produce the illumination in it. 
[0089] 

Then, as shown in drawing 5 ( B). near the fly eye lens projection surface 1 4b, shielding member B4, B5, etc. can be provided and the 
illumination light from the lens element 144.145 grade which worsens the illumination homogeneity of Lighting Sub-Division on the 
reticle R1 can also be considered as the composition which shades. 
[0090] 

As for shielding member B4, B5, etc., it is desirable to arrange near the projection surface 14b of each fly eye lens element 
corresponding to above-mentioned dimming part SI -8 and dimming part Sc. Therefore, as for the shielding member B1, B-2, B3, B4. 
B5, B6, B7, B8, and Be, it is desirable to arrange, as shown in drawing 5 (B). Drawing 5 (B) is the figure which looked at shielding 
member SI -8 and shielding member Sc. and the fly eye lens projection surface 14b from the direction (downstream of the illumination 
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light) of +Y. 
[0091] 

In order for shielding member SI -8 and shielding member Sc to shade the illumination light from a lens element which originates in a 
polarization conversion component and worsens the illumination homogeneity of the illumination light on the reticle R1 and to 
contribute to the improvement in illumination homogeneity of the illumination light on the reticle R1 , It can be concluded that at least 
a part of illumination uneven solving means of this invention is constituted. 
[0092] 

By the way, since the illumination heterogeneity of the illumination light on the reticle Rl which originates in a polarization conversion 
component by providing shielding member SI -8 and Sc can be prevented thoroughly, the holding method of a polarization conversion 
component (1/2 wavelength-plate 12 a-h) is not limited to the above-mentioned composition, but can also be considered as various 
composition. However, in order to press down to the minimum the width of dimming part El -8 produced in the fly eye lens entrance 
plane 14a, and Ec. to hold down the number of the fly eye lens elements which shade to the minimum and to press down the loss of 
the amount of illumination light to the minimum, it is preferred to adopt the above-mentioned method as a holding method of a 
polarization conversion component 
[0093] 

The locating position of shielding member SI -8 and Sc, When it does not necessarily restrict near the projection surface 14b of the 
fly eye lens 14 like the above and the conjugate side of the projection surface 14b (namely, pupil surface 15) exists between the 
reticles R from the fly eye lens 14 in illumination-light study system ILS, it is good also as what is arranged to the conjugate side. 
[0094] 

The aggravation of illumination homogeneity on **** shown in drawing 6 (B) and the reticle R1 is generated in order that the 
illuminance distribution of the illumination light in one lens element of the fly eye lens 14 may change steeply. When the amount 
distribution of illumination light on the one entrance plane 14a of lens element 145 grade is so steep that it cannot equalize by the 
illumination light from other lens elements in the reticle Rl, either, it becomes impossible that is. to disregard the aggravation of 
illumination homogeneity on the reticle Rl. 
[0095] 

Then, it becomes possible [ the thing of the illumination light on the reticle Rl to do for illumination equalization ] also by carrying out 
composition of illumination-light study system ILS to the composition that the luminous energy distribution does not change steeply, 
in the entrance plane 1 4a of 1 4 of a fly eye lens. 
[0096] 

Specifically The composition of illumination-light study system ILS especially the zoom optical systems 5 and 6 in drawing 1 . the 
diffraction optical element 9a. It is good to optimize the composition of the relay lens 1 1 , polarization conversion component 1 2 a-h, 

and the fly eye lens 14, and to give a certain amount of divergence to illumination-luminousHlux IL in the position of polarization 
conversion component 12 a-h. By this, the boundary part (dimming part) of polarization conversion component (1/2 wavelength plate) 
12 a-h will fade to some extent, and will be projected on the fly eye lens entrance plane 14a by the interaction of the transpiration of 
the above-mentioned light flux, and the distance from polarization conversion component 12 a-h to the fly eye lens entrance plane 
14a. 
[0097] 

And if the blurred width of the dimming part S55 is set to the width of each lens element 145 grade which constitutes the fly eye lens 
14 more than comparable as shown in drawing 6 (B). It becomes possible to be fully able to reduce the steepness of the luminous 
energy distribution (grade of extinction) of the dimming part S55, therefore to keep good the illumination homogeneity of the 
illumination light on the reticle Rl . The blurred width of the dimming part 855 is the slice width at the time of saying half breadth and 
slicing the dimming part S55 based on the average value of average amount Ilinof illumination lightl in the entrance plane 14a of the 
fly eye lens 1 4, and the light volume of the maximum dark space of the dimming part S55 here. 
[0098] 

Therefore, by optimizing the composition of illumination-light study system ILS, and giving a certain amount of divergence to 
illumination-luminous-flux IL in the position of polarization conversion component 1 2 a-h. The composition which increases the 
blurred width of the dimming part S55 on the entrance plane 14a of a fly eye lens can also be regarded as constituting at least a part 
of illumination uneven solving means of this invention for canceling the illumination heterogeneity of the illumination light on the 1st 
object (reticle R) produced by a polarization conversion component. 
[0099] 

It cannot be overemphasized that this composition is employable combining other above-mentioned illumination uneven solving 
means. 

As mentioned above, the inside of the illumination light which is distributed over the entrance plane of the fly eye lens 14a in 
illumination-light study system ILS according to this invention. The polarization direction can make the polarization condition of the 
illumination light distributed over the specific zona-orbicularis field between predetermined circumradii from a predetermined inradius 
the linear polarized light which was substantially in agreement with the circumferencial direction of the circle centering on optic-axis 
AX2 of illumination-light study system ILS. 
[0100] 

And since these polarization conditions are saved also in the light flux which ejected the fly eye lens 1 4. Also in the illumination-light 
study system pupil surface 15 where the projection surface 14b of the fly eye lens 14 is arranged, The polarization direction can make 
the polarization condition of the illumination light distributed over the specific zona-orbicularis field between predetermined 

circumradii from a predetermined inradius among the Illumination light distributed there the linear polarized light which was 
substantially in agreement with the circumferencial direction of the circle centering on optic-axis AX2 of illumination-light study 
system ILS. 
[0101] 

The illumination light paid to the position which is [ prescribed distance ] separated from illumination-light study system optic-axis 
AX2 in the illumination-light study system pupil surface 1 5 In installments will have the predetermined degree of incidence angle, and 
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will be irradiated by the reticle R. This is explained using drawing 7 (A), drawing 7 (BX and drawing 7 (C). 
[0102] 

Drawing 7 ( A) is a perspective view showing the pupil surface 15 of illumination-light study system ILS in drawing 1 , and a relation 
with the reticle R in simple, and the relay lens 16 in drawing 1 , the condenser lens 18, and 20 grades are omitting it On the reticle R, 
the longitudinal direction is parallel to the direction of Y, and minute pattern PX which has periodicity in the direction of X. and the 
minute pattern PY which the longitudinal direction is parallel to the direction of X, and has periodicity in the direction of Y are formed. 

[0103] 

Drawing 7 (B) shows some sectional views in 2X side of the schematic illustration shown in drawing 7 (A). Only the predetermined 
angle range centering on the incidence angle phi inclines as illumination-light ILL1 in drawing 7 (B). and the illumination light 
distributed over the ILL section of a left-in-the-figure end among specific zona-orbiculans field ILO on the pupil surface 1 5 in drawing 
7_(A) enters into the reticle R. The value of the sine of this incidence angle phi is proportional to the distance of the center position 
of zona-orbicularis field ILO from illumination system optic-axis AX41 . 
[0104] 

the illumination light distributed over specific zona-orbicularis field ILO on the pupil surface 1 5 by the illumination-light study system 
(illumination optical device) of this invention like the above-mentioned — the circumferencial direction of specific zona-orbicularis 
field ILO — ** — since it is parallel linear polarized light, polarization condition EFof illumination-light ILL1 1 becomes what is called S 
polarization. It is the polarization in which S polarization is synonymous with S polarization defined by general optics, and a 
polarization direction is vertical to it here to the field, i.e., ZX side, containing the direction of movement of illumination-light ILL1. and 
the normal (namely, illumination-light study system optic-axis AX41) to the reticle R which is an irradiated object. 
[0105] 

By illuminating pattern PX which has a stretcher in the direction of Y and has periodicity in the direction of X by such incidence 
direction of illumination-light ILL1 . the incidence angle phi, and polarization condition EF1 , although the contrast etc. of the image of 
pattern PX projected via the projection optical system 25 are improved, it can do. However, since the Reason is explained by the 
patent-documents 1 grade, explanation is omitted here. 

[0106] 

Although the expedient upper graphic display of explanation is omitted, at drawing 7 (B). it cannot be overemphasized that the 
illumination light which ejected the zona-orbicularis field ILR also from upper right direction to the reticle R is irradiated. And the 
polarization condition is also S polarization. 
[0107] 

Drawing 7 ( 0) shows some sectional views in the YZ surface of the schematic illustration shown in drawing 7 (A). Only the 
predetermined angle range centering on the above-mentioned incidence angle phi inclines as illumination-light ILD1 in drawing 7 (0), 
and the illumination light distributed over the ILD section of a figure Nakashita end among zona-orbicularis field ILO on the pupil 
surface 1 5 in drawing 7 ( A) enters into the reticle R 
[0108] 

the illumination light distributed over the figure Nakashita end ILD in specific zona-orbicularis field ILO on the pupil surface 1 5 — the 
circumferencial direction of specific zona-orbicularis field ILO — ** — since it is parallel linear polarized light polarization condition 
EF2 of illumination-light ILDl as well as the above becomes S polarization. And the incidence direction of illumination-light ILLl. the 
incidence angle phi, and polarization condition EF2 have a stretcher in the direction of X, to the pattern PY which has periodicity in 
the direction of Y, are preferred and can improve the contrast etc. of the image of the pattern PY projected via the projection optical 
system 25. 
[0109] 

The left edge part (the direction end of -X) ILL in specific zona-orbicularis field ILO on the pupil surface 1 5 in drawing 7 (A) assumed 
by the above explanation. The right end section (the direction end of +X) ILR, the lower end part (the direction end of -Y) ILD, etc.. It 
corresponds to the illumination light which penetrated the component corresponding to the polarization conversion components 1 2a, 
12b, 12c, and 12d arranged to the both ends of the direction of X of inside, such as drawing 2 (A), and the both ends of the direction 
of Y among polarization conversion component (1/2 wavelength plate) 12 a-h etc. which were shown in drawing 2 (A) etc. 
[0110] 

On the other hand, on the reticle R. as shown in drawing 7 (A), not only the pattern in which the longitudinal direction corresponds in 
the direction of X or the direction of Y but a pattern which the longitudinal direction rotated 45 degrees in general from the direction 
of X and the direction of Y may exist And to such a pattern, the polarization conversion components 12e, 12f, 12g, and 12h shown in 
drawing 2 (A) etc. become effective especially. 
[0111] 

However, among the patterns which exist on the reticle R, an important pattern, for example, the most detailed pattern, is limited to 
the pattern which has a stretcher in the direction of X, or the direction of Y, and especially, if it is **, Receive the illumination light 
from other polarization conversion components 12e, 12f, 12g, and 12h to these patterns in the illumination light from the more 
effective polarization conversion components 12a, 12b. 12c, and 12d. 

In order to make it increase relatively, the surface ratio of polarization conversion component 1 2 a-h in drawing 2 ( A) etc. can also be 

changed. 

[0112] 

Namely, it is not polarization conversion component 1 2 a-h arranged at a given equal angle focusing on optic-axis AX2 shown in 
drawing 2 (A) etc., By increasing the central angle about the polarization conversion components 12a, 12b, 12c, and 12d, by increasing 
area and decreasing the. central angle about the polarization conversion components 12e, 12f. 12g, and 12h, it is good to change the 
arrangement so that area may be decreased. 
[0113] 

It cannot be overemphasized that the number of polarization conversion component 1 2 a-h, i.e., the number of division centering on 
optic-axis AX2 to a specific zona-orbicularis field, is not necessarily restricted comparatively for the 8 above-mentioned minutes, and 
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it is divided into more fields, and it may be made to arrange more polarization conversion components side by side. 
[0114] 

By the way, in an above embodiment, explained on the assumption that the amount distribution of illumination light formed in the pupil 
surface 1 5 of illumination-light study system ILS of drawing 1 w as an above-mentioned specific zona-orbicularis field, i.e., apply to 
zona-orbicularis Lighting Sub-Division, but Lighting Sub-Division conditions realizable with the illumination optical device and 
projection aligner of this invention are not necessarily limited to zona-orbicularis Lighting Sub-Division. Namely, since polarization 
conversion component 12 a-h sets the polarization condition of the illumination light distributed in the specific zona-orbicularis field 
within the pupil surface 15 of an illumination-light study system as the polarization condition of the above-mentioned request, Even if 
it is a case where distribution of the illumination light is restricted in the still more specific subregion in the specific zona-orbicularis 
field, it cannot be overemphasized that the linear polarized light which has a polarization direction parallel to the circumferencial 
direction of the specific zona-orbicularis field is convertible for the illumination light used as the main ingredients. 
[0115] 

Thus, what Is necessary is exchanging the diffraction optical element 9a in drawing 1 . and making it just centralize the diffracted light 
(illumination light) generated from another diffraction optical element on the specific discrete field on polarization conversion 
component 12 a-h, in order to condense the illumination light only in the still more specific field in a specific zona-orbicularis field. 
Although the part on which the illumination light is centralized is two in the polarization conversion component 1 2c in drawing 2 ( A), 
and 1 2d, for example, it may be made to concentrate on the arbitrary parts of natural arbitrary polarization conversion components, 
and the position over polarization conversion component a-h may be made to condense it 
[0116] 

The number of a condensing position may also be four pieces. And what is necessary is just to opt for selection of the position and 
the number according to the form of the pattern made into the exposure object on the reticle R. 

By the way. it may be more desirable to set the luminous energy distribution to 0 substantially, since the illumination light distributed 
in addition to the above-mentioned condensing position is not suitable for exposure of a pattern made into the above-mentioned 
exposure object On the other hand, according to manufacture errors, such as the diffraction optical element 9a, etc., the diffracted 
light (henceforth "error light") may occur besides the direction of desired, and the illumination light may be distributed from the 
diffraction optical element 9a etc. besides the above-mentioned condensing position. Then, a diaphragm can be further provided in the 
projection surface side of the fly eye lens 14 of drawing 1 , and it can also have composition which shades this error light, for example. 
Thereby, the amount distribution of illumination light of those other than the condensing field of the above-mentioned plurality can be 
thoroughly set to 0. 
[0117] 

However, on the reticle R. patterns other than the pattern made into the above-mentioned exposure object also exist, and since the 
above-mentioned error light may be effective in the image formation of the pattern besides these objects, it may not need to set the 
amount distribution of illumination light of those other than a condensing field to 0 necessarily, 
[0118] 

By the way, although it is zona-orbicularis Lighting Sub-Division or deformation illumination and the illumination light with which the 
reticle R1 is Irradiated was explained in the above-mentioned embodiment only supposing considering it as S polarization to the 
reticle R, In a actual illumination optical device and projection aligner, to change somewhat freely the Lighting Sub-Division conditions 
and polarization conditions to an irradiated object (the 1 st object), such as the reticle R, is needed. 
[0119] 

Here, change of Lighting Sub-Division conditions Is looked like [ exchange arrangement of the above-mentioned diffraction optical 
elements 9a and 9b etc., and the zoom optical systems 5 and 6 ], and change for change and zona-orbicularis Lighting Sub-Division of 
the Lighting Sub-Division sigma value, 2 pole Lighting Sub-Division, and 4 pole Lighting Sub-Division is more possible for it. Thereby, 
the sigma value of Illumination luminous flux can be considered as 0.4 or less-about small sigma Lighting Sub-Division, for example. 
[0120] 

Such illumination light of small sigma does not receive the polarization conversion operation by a polarization conversion component 
in order to penetrate the about two optic axis AX in drawing 2 ( A), without penetrating **** polarization conversion component 1 2 a- 
h shown in drawing 2 (A). Therefore, although illumination-light IL will maintain the polarization condition at the time of ejecting from 
the light sources 1 , such as laser, almost as it is and will enter into the reticle R, depending on the kind and directivity of a pattern of 
the reticle R1, its linear polarized light of the direction of Y may be preferred, and its random polarization light may be preferred. 
[0121] 

So. in the illumination optical device and the projection aligner of this invention, the polarization control component 4 is formed into 
illumination-light study system ILS. and. thereby, change of the polarization condition of the illumination light irradiated by the reticle 
R1 is enabled. 
[0122] 

A center [ illumination-light study system optic-axis AX1 ], for example, the polarization control component 4 Is 1/2 pivotable 
wavelength plate, and makes switchable the Illumination light to penetrate by change of the arrangement angle at X polarization light 
or Y polarization light This becomes possible to change the polarization condition on the reticle Rl of the above-mentioned smallness 
sigma illumination light to X polarization light and Y polarization light 
[0123] 

Or as the polarization control component 4, to illumination system light flux IL the element which cancels the polarizability of the 
illumination light further can also be arranged so that attach/detach is possible. Thereby, also in the illumination optical device and 
projection aligner of this invention, also when it faces Illuminating the reticle Rl and random polarization Lighting Sub-Division is 
needed, it can respond. As an element which cancels polarizability, the wavelength plate and optical rotation component from which 
the thickness differs according to the position within a field can be used, for example. It is good also as Illumination light of the 
pattern to the wafer W top substantially equivalent to random polarization in imaging characteristic by making the illumination light 
Into circular light, using 1/4 wavelength plate etc. as the substitution. 
[0124] 
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Thus, when the illumination light is made into random polarization and the polarization conversion component of this invention 
consists of 1/2 wavelength-plate 12 a-h, the thing [ changing the polarization condition of the random illumination light into the state 
except random substantially ] does not exist. However, it can originate in a polarization conversion component, and can generate, and 
polarization conversion component 1 2 a-h can also be evacuated out of the optical path of the Lighting Sub-Division conception at 
the time of large sigma Lighting Sub-Division use for the Reason for improving further the illumination heterogeneity of the 
illumination light on the reticle R which remains slightly etc. 
[0125] 

This holds further the polarization conversion component 12a in drawing 1 . and the maintaining structure 13 holding b by an 
unillustrated switchboard style, for example, and can realize them with the attach/detach mechanism in which the polarization 
conversion component 1 2a and b are evacuated by the drive of this switchboard style out of the optical path of every maintaining 
structure 1 3 and an illumination-light study system. 
[0126] 

To or maintenance 13 a-h holding polarization change component 12 a-h shown in drawing 2 (A) and drawing 2 (B) as an 
attach/detach mechanism. A movable mechanism which becomes movable for example, to optic-axis AX2 in a radial direction about 
polarization change component 1 2 a-h can be given, and polarization change component 1 2 a-h can also be considered as the 
composition which can be evacuated out of a lighting optical path. 
[0127] 

In an above embodiment, although the laser light source as the light source 1 shall eject the linear polarized light which polarized in 
the direction of X, the polarization condition of illumination-luminous-flux IL ejected from a light source is not restricted to this. For 
example, if it is a light source which ejects the linear polarized light which polarized in the direction of Y, with 1/2 wavelength plate 
etc. It is also possible to change into the linear polarized light which polarized in the direction of X and use this, and if it is a light 
source which ejects circular light, it is also possible to use it with 1/4 wavelength plate etc.. changing this into the linear polarized 
light which polarized in the direction of X. However, as for the illumination light ejected from the light source 1 . it is desirable that it is 
the illumination light convertible into linear polarization with a wavelength plate etc. in this way, i.e.. the illumination light of a single 
polarization condition. 
[0128] 

However, it is enough if it is a light source in which there is no necessity of being a single polarization condition, thoroughly, for 
example, a polarization ratio ejects the linear polarization which is about not less than 80%. In the bad light source of a polarization 
ratio, the effect of this invention of improving the contrast of the projection image of a minute pattern, etc. using linear polarization is 
no longer acquired fully from this. 
[0129] 

For example, when the light source 1 is what emits the illumination light which is circular light, it can also have composition which 
maintains the polarization condition of the circular light almost as it is, and leads the illumination light to the polarization conversion 
component 12a in drawing 1 , etc. In that case, the illumination light which penetrated each polarization conversion component 12 a-h 
can be made into the polarization condition of the above-mentioned request by using 1/4 wavelength plate as polarization conversion 
component 12 a-h. 
[0130] 

Thus, without being limited to 1 /2 wavelength plate, polarization conversion component 1 2 a-h of this invention is possible also for 
using the wavelength plate of other conditions according to the polarization condition of the illumination light and can also use further 
the material which has the optical rotation of crystal etc. besides a wavelength plate. In this case, the material In which dextrotation 
or levo-rotatory optical rotation differs, and the material in which thickness differs are used about each of two or more polarization 
conversion components. The illumination light which penetrates each polarization conversion component should just be changed into 
the linear polarized light which has a polarization direction parallel to the circumferencial direction of the circle centering on optic- 
axis AX2. 
[0131] 

Therefore, various kinds of optical members can be used for polarization conversion component 1 2 a-h of this invention, without 
being limited to a wavelength plate. 

Next, with reference to drawing 8 . it explains per example of the manufacturing process of the semiconductor device which uses the 

projection aligner of the above-mentioned embodiment. 

[0132] 

Drawing 8 shows an example of the manufacturing process of a semiconductor device, and the wafer W is first manufactured from the 
silicon semiconductor etc. in this drawing 8 . Then, in [ apply photoresist on the wafer W (Step 810). and ] the following step SI 2. A 
reticle (temporarily referred to as R1) is loaded on the reticle stage of the projection aligner of the above-mentioned embodiment 
( drawing 1 ). the wafer W is loaded on a wafer stage, and the pattern (it expresses with the mark A) of the reticle R1 is transferred to 
all shot region SE on the wafer W with a scanning exposure manner (exposure). In this case, double exposure is performed if needed. 
[0133] 

The wafer W is a wafer (12-inch wafer) 300 mm in diameter, and the size of shot region SE is a rectangular area whose width of a 
scanning direction the width of a non-scanning direction is 33 mm in 25 mm as an example. Next, in Step SI 4, a predetermined 
pattern is formed in each shot region SE of the wafer W by performing development and etching, an ion implantation, etc. 
[0134] 

Next in Step SI 6, photoresist is applied on the wafer W. and it is SUTETSU after that. 

In PU SI 8, load a reticle (temporarily referred to as R2) on the reticle stage of the projection aligner of the above-mentioned 
embodiment ( drawing 1 ). and the wafer W is loaded on a wafer stage. The pattern (it expresses with the mark B) of the reticle R2 is 
transferred to each shot region SE on the wafer W with a scanning exposure manner (exposure). And in Step S20, a predetermined 
pattern is formed in each shot region of the wafer W by performing the development of the wafer W and etching, an ion implantation, 
etc. 
[0135] 
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Only the number of times required for the above exposure process - pattern formation process (Step SI 6 - Step S20) to 
manufacture a desired semiconductor device is repeated. And semiconductor device SP as a product is manufactured by passing 
through the dicing process (Step S22) and bonding process which separate each chip CP on the wafer W one by one, a packaging 
process (Step S24), etc. 
[0136] 

According to the device manufacturing method of this example, since it is exposing with the projection aligner of the above- 
mentioned embodiment, where the utilization efficiency of the illumination light (exposure beam) is raised, in an exposure process, a 
reticle can be illuminated by a predetermined polarization condition. Therefore, since the resolution of the periodic pattern of a fine 
pitch, etc.. etc. are improving, it becomes possible more by high integration to manufacture highly efficient Integrated Circuit Sub- 
Division inexpensive by a high throughput 
[0137] 

The projection aligner of the above-mentioned embodiment includes the illumination-light study system and projection optical system 
which comprise two or more lenses in the main part of an exposure device, and carries out optical adjustment, It can manufacture by 
attaching to the main part of an exposure device the reticle stage and wafer stage which consist of many machine parts, and 
connecting wiring and piping, and also carrying out comprehensive adjustments (electric adjustment, operation confirming, etc.). As for 
manufacture of the projection aligner, it is desirable to carry out in the clean room where temperature, an air cleanliness class, etc. 
were managed. 
[0138] 

This invention is applicable not only to a scanning exposure type projection aligner but a one-shot exposure [, such as a stepper, ] 
type projection aligner. The magnifications of the projection optical system used may be not only reducing magnification but actual 
size, and magnifying power, this invention — an International Publication (WO) — it is applicable also to the immersion 
photolithography system indicated by the 99th / No. 49504. 
[0139] 

Without being limited to the exposure device for semiconductor device manufacture as a use of the projection aligner of this 
invention, For example, the exposure device for display devices, such as a liquid crystal display element formed in a square-shaped 
glass plate, or a plasma display. It is widely applicable also to the exposure device for manufacturing various devices, such as image 
sensors (CCD etc.), a micro machine, a thin film magnetic head, and a DNA chip. This invention is applicable also to the exposure 
process (exposure device) at the time of manufacturing the masks (a photo mask, a reticle, etc. containing an X-ray mask) in which 
the mask pattern of various devices was formed using a photolithography process. 
[0140] 

Of course, various composition can be taken in the range which this invention is not limited to an above-mentioned embodiment, and 
does not deviate from the summary of this invention. 
[Industrial applicability] 
[0141] 

According to the device manufacturing method of this invention, while being able to raise the utilization efficiency of an exposure 
beam (illumination light), a prescribed pattern can be formed with high precision. Therefore, various devices, such as Integrated Circuit 
Sub-Division, can be manufactured by high throughput (throughput) with high precision. 
[Brief Description of the Drawings] 
[0142] 

[Drawing 1] It is the figure which cut and lacked the part which shows the outline composition of the projection aligner of an example 
of the embodiment of this invention. 

[Drawing 2] The figure with which (A) looked at the 1st embodiment, such as the polarization conversion component 12a, in the 
direction of +Y, and (B) are sectional views which meet the AA' line of drawing 2 (A). 

[Drawing 3]T he figure with which (A) looked at the 2nd embodiment, such as the polarization conversion component 1 2a. in the 
direction of +Y, and (B) are sectional views which meet the AA' line of drawing 3 (A). 

[Drawing 4]T he figure with which (A) looked at the 1st or 2nd embodiment, such as the polarization conversion component 12a, in the 
direction of +Y. and (B) are the figures which looked at the entrance plane 14a of the fly eye lens 14 in the direction of +Y. 

[Drawing 5]T he figure with which (A) looked at the fly eye lenses 14, such as the polarization conversion component 12a, to + Z 
direction, and (B) are the figures which looked at the projection surface 14b of the shielding member B1 grade and the fly eye lens 14 
in the direction of -Y. 

[Drawing 6]T he figure with which (A) explains that the illuminance distribution on the reticle Rl is equalized with the fly eye lens 14, 
They are a figure with which (B) explains that the illuminance distribution on the reticle R1 becomes uneven-ization by the dimming 
part S5 on the fly eye lens entrance plane 14a, and a figure, as for (C), the illuminance distribution on the reticle Rl explains it to be 
to be equalized according to increase of the width of the dimming part S55 on the fly eye lens entrance plane 14a. 
[Drawing 7]T he perspective view in which (A) shows the pupil surface 1 5 of illumination-light study system ILS of drawing 1 and a 
relation with the reticle R in simple, the figure with which (B) looked at a part of drawing 7 (A) in the direction of +Y, and (C) are the 
figures which looked at a part of drawing 7 (A) in the direction of -X. 

[Drawing 8] It is a figure showing an example of the lithography process for manufacturing a semiconductor device using the projection 
aligner of the embodiment of this invention. 
[Explanations of tetters or numerals] 
[0143] 

R [ — An illumination system optic axis, 1 / — A light source, 4 / — A polarization control component, 9a, 9b / — A diffraction 
optical element, 12a 12b / — A polarization control component, 13 / — A polarization control member holding mechanism. 14 / — A 
fly eye lens. 25 / — Projection optical system, ] — A reticle, W — A wafer. ILS — An Illumination-light study system, AX2 
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[Brief Description of the Drawings] 
[0142] 

[Drawing 1] lt is the figure which cut and lacked the part which shows the outline composition of the projection aligner of an example 
of the embodiment of this invention. 

[Drawing 2] The figure with which (A) looked at the 1st embodiment, such as the polarization conversion component 12a, in the 
direction of +Y, and (B) are sectional views which meet the AA' line of drawing 2 (A). 

[Drawing 3] The figure with which (A) looked at the 2nd embodiment, such as the polarization conversion component 1 2a, in the 
direction of +Y, and (B) are sectional views which meet the AA' line of drawing 3 (A). 

[Drawing 4] The figure with which (A) looked at the 1st or 2nd embodiment, such as the polarization conversion component 12a, in the 
direction of +Y. and (B) are the figures which looked at the entrance plane 14a of the fly eye lens 14 in the direction of +Y. 
[Drawing 5] The figure with which (A) looked at the fly eye lenses 1 4, such as the polarization conversion component 1 2a, to + Z 
direction, and (B) are the figures which looked at the projection surface 14b of the shielding member 81 grade and the fly eye lens 14 
in the direction of -Y. 

[Drawing 6]T he figure with which (A) explains that the illuminance distribution on the reticle R1 is equalized with the fly eye lens 14, 
They are a figure with which (B) explains that the illuminance distribution on the reticle R1 becomes uneven-ization by the dimming 
part S5 on the fly eye lens entrance plane 1 4a. and a figure, as for (C), the illuminance distribution on the reticle R1 explains it to be 
to be equalized according to increase of the width of the dimming part S55 on the fly eye lens entrance plane 14a. 
[Drawing 7] The perspective view in which (A) shows the pupil surface 1 5 of illumination-fight study system ILS of drawing 1 and a 
relation with the reticle R in simple, the figure with which (B) looked at a part of drawing 7 (A) in the direction of +Y, and (0) are the 
figures which looked at a part of drawing 7 (A) in the direction of -X. 

[Drawing 8] It is a figure showing an example of the lithography process for manufacturing a semiconductor device using the projection 
aligner of the embodiment of this invention. 
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na. z<7)±izm^i(,tifz^mm23m\^—f^m24izX'^xm^iix\.^h. ^ 
mmm.T/i.mj^3 4i}^^<r>Mmmizm':i\.^x. v^9)vxT—imwi?k3 2\i u 
-r^t—^mmwm (^hs^) iitLxv^i^jvxT-'J2 \ <7:>mjkifm.mm 

^WiM (T^m^s) imw.^tiX\^h. 
[0045] 

•>xAX-r-i''2 7{i. 3 0±l,zY:^mz-^M&X'^mx^ tbt 

T-i''2 7cOX:^[fi], Y:^|6j£^firS. ai/^EIfeftti, C:£7)±tciS(t'^it/i^i&^28&l^ 

p— fTF^ih2 9fc:j:r.t:tha!i§iiTv^5. Z(7)nmim/i.mm?k3 4*^^mm^^ 

^xnxT-i;2 7(mmRimm^mmti>. ttz. mm^^2 5cr>iimz{i. -^^x 
>'N77-f;<yb<ofcy>i=. '>x^NW±<7)tiis^ij-frfflv-^'<ofi[SS:«!aj-ra:t7 • r^' 

x;?.:^^Tm{f F I A(Field Image Alignient )im(^7y^ }<yh-ty^3 li&lBS 
[0046] 

t m&^tifz&m-^h-^m-r-^'mm^ 7y-(jtyh-tyf3i x-mta-t^ ztizx 
oT. ^Ji^\vf<r)7'7^yiyhi^'€hii?>, ^ffm. i'i-9f\^R±(m«mmi,zaimti 

L-$:mMlfz^X\ )VX^-=J2imf^XJ\XT-'J27t:WmLX. 

^fi&3fe?:<?±LT. '>xy\;^f-v2 7&KI6LT'>xyNW^X:)5F|Sl. Y^riaitcXT-yT-^ 

Irtl-fif^t^^'^Oii^ixl.. -5-<?)|si^^a#c;)^f-i?;L'XT->''2 1 t'>xA;^f— 
2 7tc7)^S3l;g(7)Jt{i, S^3K^5^2 5 5rYr-LT<7)Uf-^;l-Ri:'!7xy\Wi:<7)M«M« 

■ ry K ■ ;^^^y*5^n'xyNW±<o^is<oi'3 -y Yfm<zV'f-9)VR<r>n9-y^if' 

[0047] 

2illtLT(i, ArF (T;l-r3>:7-yS) xdfi^-7-U— r- (^;gl9 3nm) *^<s6ffl 

-■f- («*2 4 8nm) , F2 (7 •y^^i'^) V-if- 1 5 7 nm ) . XJ±K r 
2 (^"Jrhy^J-^) V— f- 4 6 nm) «c^V-1f-3taSi^:t'fcffiMT#l.. 

— f-T-fcOs 3fejii*»<5>*fai$fxsMH^5£iL{i, mm^jj.tm^m.z^'omk 
tzWkmmti ut. mm^ (m««:6-ifii) 3!i*0i4>ox*ifiifc-s:tsiSiiRfli3e3fc 

[0048] 

mm iui.mi^yx5t{huyX6b <0)fi;^i-&i5-fr*»^>^5 x-^t/t^jk (5.6) 

2:^T. 5miffO«fffl<OS5-7TRIt$tlT. !iBM?15«liAX2KJ&-5TlHltff3K^SS 
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i=^(DOE:Diffractive Optical Element) 9atAlff*. lHlJlf3K^3S^ 9 a{ififflSOIlI 
[0049] 

nsmma. ±a<^x-ix5t^^ (5.6) ^I8js-r-&i!flw^x5at^ciw:^x62:, si 
BmmAX 1 o:^ieiK-5-ix-Pf^lrf * t J: . *iiiftWfc«*ii!fil- s i fc 

[0050] 

mtfryt^m^ 9 a ^itta l ^cr^bm ( ii]Sf3e ) i L(i. mmi^^A x 2 iz^^x v u 

-VVX\ 1 ^^T, *f&BJc7){I3MgB«l 2a, 1 2bicAlfri.. />:^'U^^5 
iiO, ffi5i^a51vri 2a, 1 2b(±. 3l^«lAX2 S-^'Dt-f^BlfScTjlS^^llthO-J-n 

[0051] 

12a, 1 2 b i 0 t-f-^'/l/Rfflltfi. )VRl.X'(mmt I Lc^BS 

&iBT5fe85»f'3fltfffl«s9-i9ics'). ^z.xm^idmwtiui. wmmii^ 

A X 3 {C?^-? T 3 i'T y^f- V yX 2 0 ^I^T l^f - ^'/l^R Sr^HB-f -i. . Cl cT) J: o fcegB^S 
[0052] 

-x2 7co^{ci5i^UT^ati.^ti;-c'#i., ^(rymm^mmw. 

[0053] 

Cl^O^f^tCiJV^T. 77^ WX 1 4£7)lttii{g!|<0ffif±BgaB3t^* I L ScOffiffil 5 
c7)iS^t2fiaLTV^S. Ig®l 5(i. ISffil 5*><t.l^^^';PRllM§*T60HM^^I 
LS+<7)3t^^« (UV-Pi^Xl 6. 1 7. nyry'f-U'yXl 8. 2 0. 

9) SrtOLT, l/f-^';l'RcOVN-:J'-yffi (l^^^'/l'®) {zi^h^i^iy- 

ttii'iXYS^'^<r>x^^m.v^xm^xv^^)VR ^mith . ■eoAi*^s&ixAit* 

[0054] 

m-'^ I L s ^-BJIiciEatl. t ^tK^So^IS ( zis^(r>m^ ) 

liiAXm. S7-7«RltCJ:'3!iiHM3fettAX2fc-gcU. Ml:!lHBm3l3lliAX2« 
. 5 7-19<OS9tfcJ:'95SBM3aiAX3t-irr-S. 
[0055] 

OT, H 2 t:#H|U-c , H 1 ^(r>mt^W^ 12a, 1 2 b 1 ll]f6«?iJtov^TiJi 
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[0056] 

1R12a, 12b, 12c, 12d, 12e, 12f, 12g, 1 2 hT$>^ . Zti^li 

02 (A) iZ7iktm<. ^m^^^m&AX2^'P't^t ix. ^mmiz^ti^tumL 

nX'h^U^izm^X. ^iX^il^m^mSa. ISh. 13c. 13d, 13e, 1 

3f. i3g. ishiz^'oumtii, tf.i^(omii. mti£i/2mmi2ciz 

ov^Ttii¥;c*i''l 3cl. 13c2, 13c3ff)3:^^^=MzXYfi^iyil. MHil 
/2iSft;K12dCOV^T{ij¥;t:^.xl3dl. 13d2, 1 3 d 3O3*<0:t.i^*tJ: 0 

[0057] 

02 (B) 02 (A) (fiOA-A' Wi±X'<7)l/2m^Wil2a-hR-(/Umm 

1 3 a-h^mmm^mht, i/2»ft«i 2 a^hti, -ec^^r^gp^*^ WMt/t^ 

mmAX2i'^'t^tthiHmr ii}-t>9\^r otX'COmmm (HT r^^n^^ 

lai^^Uifiat^fev^T. ±Eff 13cl. 13c2, 13 c^zX *)mm 1 
[0058] 

tfz. mmis a~h(i, ffi5#a5$ji 3 c*>w^^j^'i 3 c 1 , 1 3 c 2. 

n 1 3 d**ff i;f-.i; 1 3 d 1 , 1 3 d 2 1 i 1 3 o t;:m$ixl.in< . 

m^mi^'Mzx *)mm 1 3 o fcistg^tis , mm 1 s a~h . 1 3 o 

. ffi.^^i^'1 3c 1, 13c 2, 1 3c^, atXff;t*>'l 3cl. 13c2^{is-ft 

tlx. mi ^<7)mm 1 3 ^«js-r s . 

[0059] 

i:^^-S^ti^rzihm^^titzh(^xm\>^^K WLi;.X'hm2 (B) tpm^rOlim 
-f^Jih-h. 3 a~h{i. m^^mx'hh^i/2^mi\ 2 a~ 

hi:mimm<nm9^x'%mm^kLx\^h. ^lx. mmffymnt^sh^m 

mhhm^A\2t:^'bb-th^irO<r)^mf^X'\t. l/2«:S«12a-h{i, ^ 

ztts:<um.^ixx\^i. . 

[0060] 

>Iixf>coami01/2jS««l 2a-h{i. ^(!0:^r6]tTO*iSlffl3Bl£(7)Caa2r, ^ 

mts:h-H\^m<xo^zwt^tih, 

[0061] 

tS. jS««12a~h$-igjat&!iBJit*«. H>rao*D< XS-|6lOii3K^ri6l (Xffl^fe) ^ 

^•thi%^\.z\±, mmr}i^i^-ti>mm.i 2a, 1 2b{i. m^m<r)mmMi^ 

^tl.C:t*>'=5r>r^7tft^). ?Sft«xl2a, 1 2 bSrSjSL/iBiHgjtJi. -eoSS XffiJtS-fii 
[0062] 

ttz. l/2«*1S12c, 12d(coV^t:{i. -eoa^?^ri6i2r±iei/2&*«i2 
a, 1 2b«oSJ^:Sr[6j{cS^tT. 4 5JS-fajt^r[ti]t^^s. i/rm^m. 

12c, 12 dtAI*L?tX{l5Bt{i, «m«*'?0t$ilTY:frl*I{^il3K:^[filS:W-f ■!. 

itfUiiBK (Yfl^t) h^-oTitai-rs. z^x\ ynHt\/2^m.i2c. i2d 

^OfilSCfcV^Tti. 3tlSAX$r4"i:^i:LT 1/2^:1:^1 2 c. 1 2 dSrai.Rc7)Ria:fr 
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[0063] 

2a, 1 2bcOSJ»:&|tiJtCj>fLT. *tC2 2. 5m&Uz1]\^l,Z^^t^. Z<7)b^ . 
1/2&*«[1 2 f . 1 2 gtAltUcXfiJiSKti. H24'£7)ffi^^-C'Z = -Xt'Si)$ 

<±, fc7)«j|i:^f6]^J:fBl/2fe:S«l 2e, 1 2hOSJi:^ifi]H«tT. £t:2 2. 5 
SlHl!|BUc:fr|fi)tc:g^-r&. l/2fe*fiRl2e. 1 2 htlAlt LfcXffl^BK 

[0064] 

^Tfc, C:il/i>0^ffi3t*-(t]{41/2jS:R«l 2f , 12g, 12e, 12h<DMLWil>Z 
tS\'^X. ^AXi'p'\j'blX^l/2^m.l2f . 12g, 12e. 12hS:ill.P3 

comifmz-W:lX^^l, dtifciO, «-l/2jft*«l2a~h«oiES§^x*ffii*gt 

AltL>tX^r[6]^«7)lt^ffl3t3fc<7)3*>, 3KttAX2$r4>'i:>k-tl.rt^r i A>^>i'|^r 
[0065] 

mixm:&-th^^x'hh, 

[0066] 

■r^ri^ip. i'Mroti, f5^3\i^m2 5c^ignic (NA) izntim^Mmmnm<7) 

[0067] 

^i5. ±IB<01/2&;R«1 2a~h<0'3^.1/2iSS«l 2a, 1 2ct'5V^T«4. 
[0068] 

i:c:-?>t:', c:ixii>«^<^i/2«^;g«l2a~h{4. yy>( uyXi 4J:*)i>^ 

mim (xmm) ^zmm^tllf^i^. i/2mmi2a--h(Dm^mizii^^xmm 

IX. z(oms.i^-^<r>mm. mmt^fiiMLX'himm#bLX(oi^i-i')UR±.xff) 
m.i^-^i,zmmt:^i hzbiz^j:^. 

[0069] 

u^L. *^H3(cfev^-ci4. ±tim< i/2mmi2 3i^h^^m^m^zmm 
i,zwm^±t^^\^mz, i)^-^i&mmb^j:m^nmi^t^zb(7)m^mmb uzf^if> 
. yy^7Auyxi4coxsim±izii\,^xi. mm^cr,msM-^<^mt^WLiim±-r 

±tlZbi}^mb^l. 
[0070] 

(i^oT. i/2m-Rmi2ai^ht:^mmizm'mizmstfi^t^j:\mz. 

m^bKcimmm^^-tizbm^'m^b i. ■t^j:h-hmmff)mmi^<o^M^ 
(^m^nmthmmm 1 3 a~h w^i^j^gBi? ( i/2&^« 1 2 a~h ) 
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[0071] 
[0072] 

imM-r^mn. ±u<DiTmm(>timx'ii^j:<. mums (a) . 03 (b) t 

^tia<. mWi<7)l/ 2^^W.l 20 a.. 120b, 120c, 120d, 120e, 1 

20f. i2og, i20hS:, ^m'ymcosmmznbxmm^j:mmmi 1 2 o o 
izX'yxm^im^tLx{,]^\,\ 

[0073] 

03 (A) (i, zffyx^^mmnsLi 20 o±^zs&mwzmL(Di/2mM:mi 2 
oa-^ht:m>t±mmr^h*)s us (b) {4, 03 (a) oa-a' ^Tmmim 

v^§*^ mmtxmmii>znixmm^j:mmmimixmimzt hx-^i. 

[0074] 

03 (A) 4'<?)l/2^:gSl2 0a~h«0#IK>t't:S^L3taft#^9JrS^tJt-?-n-f 

ii(7:)±tmmii\^(7)\t]^it^ 112 (A) tsuci/2«^^ffii 2a~h(7)p*>MC-ri. 
»s 1 2 0 o 1 / 2mm. 1 2 0 a~h t Alfrs t . ^(omiM^ 

[0075] 

tJt. 03 (B) «t'fcS^L)tl/2jft:g«12 0a~hOI*I*gr i2, i'Ml^ro2 

mtztK^^mt. 02 (B) {=*Ly::±i£Mi:fe*t'&rt4^r i , mmromr-: 
t^^^tnmx'hi. 

[0076] 

^fc. *W3t3V^Ti>. l/2S*^12 0a, 1 2 0 b S: 1 /2a^:gMT'{4=5r<5^ 

I., tt:. ^m<7)^Ui. mAX2i^m. i^j:h-hmAX2ifi»t±-t&^r i 
20«RJ^rttt. l/2S[^«12 0a~hi:liai^r«$O53l;y7;<.^S:li!i-^|.C:fc . 

[0077] 

^^mcoxo^xm^t Lxi>. #i/2^*si 2 0 a~ho^ifis?«3e3ttt^-»a5*> 

[0078] 

tzbx. ±iim<Di/2i&M:mi. mm-w^ikx'h^yii^eizxmm-izt 

IStOltfr$(4 1 . 6 6 3 8. M^*ISOJSt»f$(4 1 . 6 7 7 4 T'$> I. . TKa^a+T'O^TfeiS 

. mnm.<^m^\i. ( 1 9 3nm) ^-eix-p^iostff^TSij^^ct.coT'j)-!.*^ 

-fil-ftLl 16. OOlnm. 1 1 5. 0 56nmT'S)>3. 1 «*}J•3i^f■r 

S»ts S3K«ISIfc:0. 94 5nm<03fcKII*«JgJSSh«.. ^eoT. l/2«[^«S:«lS 
•tl.t{4, 7K^H<73ii$S:, 6 1. 4 (=1 16. 0 0 1/2/0. 9 4 5 ) jS^^-jlff "f 
Sl^StCfflS-ri). 7. 1 2*<mtC-rit(4'ctlr^. i/i, iOJS$<?)^^-C'J>l) (2n + 
1)X7. 12//m (n{4g^ggt)«]|[3«*B^B^fiMBLrt,. l/2iS;Sei^«Bgt5 
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[0079] 

i/2m^m^. 02 (A) , 112 (B) l,z^.Lt:ia<m-thlzii. 3>5SJKoJ¥$ 

Lx. ^m^mmmim±^'ti>zbmtb\>\ -n. @3 (a) , i3 (b) 

[0080] 

ti^. 112 (A) . 02 (B) \,z7r^Lti-mmmh^{zi5\^x^>. ^sm'jxm 

^mtXhJiK. ^50*tt^Jff (Intrinsic Birefrin^nce) inMLXm&t&d 

bi>x'^i, :^mmm<o^j:\>^m^E?i^mm:h^mi?>^LxmmLi: 
^tz^fzhcoi. mmtizttx^i. ^<r)^i,zi5\,^xi>. i/2m^mimm-i 
tztb(r)m^ii. immcr,^m&ifi^nmiznthmiimi-'(;>, miim^rm^^xM. 
lati^tt/'x^i. 

[0081] 

^fc. u^^)VR±i,zm^Wz^-<^-yf/^misbxmmx'h^m^. •^x/switu 
m^^tihJ'i:S'-><DJii^-y^izms^timtmi}^mi^xmu^izii. ±ie 

mx'ii. ui-^j\^R±mwt<7)mmi¥-^t:+'^izm&xt ^rwi^t&t?.. 

[0082] 

^ZX\ Z(^i:o^j:Wr^lzii. yy^T^UyXl4(0mtiimi4biz. yy^TAl^ 

m-htzih(mmmimi. ±iei/2^*«i 2a~hco«^a5^5-tj:i9^ti.^f- 

[0083] 

JMT, znmmz'o\^x. 04. us, meim^^xmmt^, 

04 (A) {i. l/2«[:R«12a~h<O««^S^-r0-CJ)l.*«. ^<Dpiffl{i, 02 ( 

A) ttz\im3 (A) t^L>t±ac01/2jS:g«l 2a~h^c7)ffi^i:|B|^T-J>l.o 
LX.Zff)b%. #l/2^*fil2a~hiOi^#a5^Wi, ffiA--e{iJ)S**jg3ett*** 

[0084] 

04 (B)(i. 77-<T-f pyXAIt®14at, aMl/2«*«c7)ti^*15^fcea 

«-l/2»^«l 2a~h<0«5#St'J>SEl. E2. E3. E4. E5. E6. E7 

^3efflJSSl, S2, S3, S4. S5, S6, S7, S8*M§ill,. ^fCs (SIffll 
4at(i. #1/2^:1:^1 2 a~h<7)|^(i (7K«AX2c7)j£^M) <^*il^a5{Cffli-t-?. 

[0085] 

05 (A) 04 (A) mmA (B) "4JtCS^U^. B-B' mm.X'<7)^l/2 
mm 1 2 a~hfcJ:lX77-<7-f l^^-Xl 4(OBrffl0i&^-r0TS)S. ^*a5E4 , 
E5tJ:Sjg3KgpS5, S4U, B-B' H^^ffia^^rfeV^T, -eft-Ttl^^^ 7-^ ^>'X 
14S:fl|«-f&^yXxl/-^Vbt-Sil.x^;<yM44. 14 5±(^je^$fL5. tJ!^ 
T,xu>yM44, 145 <0Aftfffi<0BSBJ3fe{i . ^(OMMi^^ii^^ i: =5:^ . 

[0086] 

iClt-, 75^T-fVyXl40f^ffltCOV^T. 06 (A) . 06 (B) $:fflV^TfS# 

c^HJtS. c:fi4>«o0{i, yy^TAvyxiA<r)}JAmiAaX'(nmM-^. ± 
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[0087] 
[0088] 

I LR 1 \,z\t. ±E«3Kais 5tcj; ottSigTeSKs 5R*>'4i:. ^<nm.-k^^z\m 

[0089] 

4, B5^2:ig(t, W^:?;l/Rl±iO,^mBaKl^-ttS:«bSitl>^i'XxU^>'M 
44. 14 5^*»^,<OMB33feS:. )e3K-rS<fJSt-t4vlfctT#S. 
[0090] 

mtmiB4. Bsmii. ±M<DWt^si-^8Rx/mMscizMmth^yy't7 

Bl. B2, B3. B4, B5, B6, B7, B8, Bc(±, 115(B) (CS-t*D<EB 

thztf3mtL\.\ ^rfe, 115 (B) {±. ^^nsi-^BRxm^nscty^^ 

T'f b-yXWaiffi 1 4 b +Y:Sr|pi (MTOOTsSffl) i)-^^M.fzmX'hl . 
[0091] 

^cr,m&i^-^t:mt^'tluyXx.u?(yVi}^t>(D?myt^M^L. V^^)VRil.<r> 
[0092] 

iJ'yUR l±OMBB3tO!iS3p^Ht{±^^tl»ih-e§S^:«>. ffl3\^g|5« ( l/2igL^ 
«1 2a~h) c7)ffi^:^rS^ii, m]*c^«tc|l^?il-f, ^^S'S^rMfiicfc-fl.Clt i> 
X'^l. U^L, 77^r-f ^yXAItffil4atc4tl.jt)tl[PEl~8. E.c<7)i|iS:ft 
^htff^x. 3g3K-r*7 7'fr-^^yXx^^>b<0gt$-ft/ht?Pi.. SgHg^iaKotlifeS: 

[0093] 

^rfe . mMti s 1 ~8 . s c <?)EafiStt. ±isoiD# yy-iT-fuyxiA mm 

S 1 4 b cr)i5.WI>mh btfC'fi^ < , ra.TO^^ ILS4'^77>fr'fU>'Xl4*-^>L- 
^^-/URcDrat::. WaiBol4b<7) (•r'5:i5^>lfiffll 5 ) iO^«4ffi*^'S«-ri.i^Wi. -e 

[0094] 

=3:13, 116 (B) lr^L7t*D§. ^^j7;i^Ri±coHaS%-ttolKb(S. yy^7^]y 

Stcot'l)!.. f =2r*)^., IfflOl^yXxU^yb l 4 S^Affll 4 a±T'iO.^BJ5K 
ft^i-ffi*^, vi-C')VR\\,zi5\^xm<r>v yXxu;< y h 4>iOBsaM(c: J; -5 T i T^^-fbT' 
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[0095] 
[0096] 

Mwmzit. mm^^mi Lsm^. mzmi'^(DX-i,yt^^5. e. m^yt^m 

imitb. mytmmi2a'^h(7)mmizmim^i uz. him&ff)mLit 

mfz^^t^\>K ztiiziy), m^mm ii/2&^m) 1 2 a.-^h(/)m^u im 

1 4 atfcogggf tiOfflSf^ffltCj: 0. hin&^^^Xyy^T-^ U^XAIfffil 4 at 
m^MZtiz^j:^. 
[0097] . 

^ix. me {B)AZ7fku.zm<m.us5 5ff)t^^m. yy-fr^uyxiAim 

m-i>^vyXx.Vyiyh l 4 5^^«ifcllgSfii±tiS^Si:. WSfMS 5 5«03K« 

m (mt<Dm.&) ffi^^m-^^^^iiz^f^^hzttiix^. ^-ox. u^-7)vri±.x' 
m^nmmM-^iSimz^-oztiM^b^j:^, ^vit-a^^gsss 5o;jf^gt«± 

^R(f4iffli|i&VH\ 77>f r-^P-yXl 40AWffil4 atCfe{tl.¥J%W»J3t*I 
I inlfcM3eg|5S5 5«gll|g|5i03fe»t«OT%fit»-:fVi-C. S^tSJS 5 B^X^'f X 

[0098] 
[0099] 

ttz. imm. ±^<Dmms^-i^--m^^^tm'kh^xmm-hztti^x'%h 

mL<nm\,Z^ *^0HtJ:it«i\ I L S+c077^T-f L'yXl 4 acOAIfffl 

mnvimnz-^LtimMmstt-thztifix^h. 

[0100] 

-J-LT, Cii4><7)«m^{i. yyAT^vyXiAm^Ltdfrnza^^xi^m^^ 

fihfz»>. yy^ 7^ vyx\AmmmiAhmm.^ixhmwt^imw\ 5{=fcu 

[0101] 

ttz. ^m^^mmmi 5^zi5\>^xm.m^^^ytmAX2i-(>m^tmtitzimi>z-!i^ 
mmmmi. m^<7)mnmm'^xu^f'!]^Ri>zm^iiizbiz^j:h, zmm 
7 (A) , 137 (B) . 07 (c) i:m\>^xmmt. 

[0102] 

07 (A){i. iai*<0SBJ3t^^I LS«7)ttffil 5fcVf-:7;URi:«OM^2rfSaWlC 
St^r^SH'C*'), 0l*<^UU-Ui^Xi 6. 3y7*>^-v>'Xi8. 2omi^ 

•f I. w^N'rj'-y p X k . ^<D^^mi)^x:^f^izTnx'h *) Yumzmmm^tm 

fflA*:? -> P Y t *<m§ilT V . 
[0103] 
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07 (B) li, m7 (A) {:S^tyt:i»llO. ZXffifcfcftSirffi^co-SR^Srf. 07 

(A) ^(7)^ mmi 5±mMmmM(iLocooib. m^:t^coiLLmz^istim 
mtftii. 07 ( B ) 'pcom^M^ I LL 1 Lx^Mn<i>i'^'C"tthm^<^'p^^^fSf 
m^xv■^^J]^Rl,z^Mi-^. :i(r)mn<t><^iEmoymti. mm^WiAX4ii)^(>ff)m 
mm I L 0 ff)'p'bm<7)mmtzitmi> . 

[0104] 

L 0 iz^mmmii. n^mm i l o <omiTmzmmmmm.Thi(^ 

^-«tt'S8$^^'S sm^t mmx'h •) . wm i l l i m^ismt . mmmsi^x-h 

[0105] 

^^z-^uxmpf:mimx'mm^tixy^i>t^ib. zzx-immn'^mi, 

[0106] 
[0107] 

07 (C) {i. 07 (A) lc^UcBS0<O, YZffl(cfc{tl.Biffl0i^-SP^^-r. 07 
(A) +0, KBl 5±«0lft^«I L0C7)3%. 0+T^OI LDgEt3)-^tSBlBg3t 
<±. 07(C) 4'^7)B§HB3ei LD 1 1 L-C±iaAlt^ll«2r4"C>i;-ti.Blf^iOftStiH;t*tt 

[0108] 

fii« I L0(omifmzmmwmm:Tf)i(7)x\ mm i ld i ofli3K«iiE f 

21,±iei:|i)mtSii3ti:^rS. -etT. g^BMl L L 1 tOAIt^rffi. Min<i>mm^ 
[0109] 

^rfc, liihco^mx-m^Ltimi (a) ^'coksi 5±i^#^ife^iii lo+^oiss 

Si (-Xl^fiim) I LL, :&4iBa5 ( + X*[&jSga5) I LR, TJSS (-Y*(ftlSSa5) I 

LVmi. 02 (A) ^tS^Uc<i3t^g|gPtt ( l/2^:ftffi) 1 2a~h^£7)-5%. 0 

2 (A) m'i'cr)xifM<Dm^mY:)i\^mmzRm^tLfz. m^e^mti2a, 1 2 

b. 12c, 12dtMJE;'tl.gl5«$-3jiL»^3Kfc*ti5-fl.t.<OTft&. 
[0110] 

Vf-^J'/PRiWd. 07 (A) {c^t/ciD<. ^co^lJj^i}<X1i\^tfziiYU 
\ill>z-W:thJ'^^-y(7)^X'li^j:<. ^(^^■^TlHi^XtmRX/Ylj^^ij^f^mhA SSEl 

02 (A) ^<0*(=S^U^ii3lS!E8ia«*12e, 12f. 12g, 12hm{zWlt^ 

[0111] 

Uf-?';WR±tC#ftf #^cSS^:>'^•:5'-i^. 
Jl^rA-:?-^*^ X:^r6]*7'>:tiY:fir[6]t*#5r^-r-S>'N'^-i^lcll^^^iOT'J)ix(f. i 
tlt><7)^-^^-yiZiiilXX>0W}X'him^f^mi2a, 12b. 12 c. 12d*> 
(a^BlB^^^ ffiOiiStSaftgW 12e. 12f. 12g, 12 hti^t^ffimm^iZfiLX 
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[0112] 

Smi 2a~hTm<. Sae^SWl 2a. 12b. 12c, 1 2 dtoV^TJi^O 

4"\:-nm±^^^ztizx^mmm±^'it.m^^mi2e. i2f. i2g, 

[0113] 

<(r)m^f(:mmm^XWMt?>Xoizlxi,^\>^zblim'itTi>^j:^\ 

[0114] 

bz^x\ &±(ommm^zi3\,^xii. hicombj^k^^i Lsconffii 5izmm-h 

mifzi}\ ^mnmmmi^mRv^&mnmw.iz^'omx'^mm^mi. '^-ri 
hmmmm^^ix?>h(r)xwi^\ sp*.. m^m^mi2a^Mi, mm^m<r) 
mm 1 5 nm^i^m.mmzmtmm^m^m.i:±mimm^m^kzm.-r 
I i,<7)T'*s*>^>. mwtmifi:^m^mmiiimmzm^m^mf^mi^ 

[0115] 

zcoxoiz. ?sm%^m^^^mmwm^(Dmmm<^?^mtthizii. si* 
cois]^3fe^«^9a^^L. mcommm'f'i-i^m.t^Eiif^ myt) flit 

m{fii2 (A) 'p(Dmysmmmi2cmi2dm2mThh 
i>-h^A.iiMmyi^m<^QM<7)mi>zik4>^-±xj:<. tti. m^/emma. 
-hi^<'iiLmz^^^txi,mh^j:^\ 

[0116] 

hz.bx\ Hi<^mtim.mi,Z'!rt^-thwmi. Hi^i^mtitthf^^-x^ 
m%t,z\m^*£^^ffix\ ^<r)m.-!rt^^m'm\,zQ\<zLt:-nmtL\^^ijhh. 

muzmm, (ot mm.±s tv^d. ) iiKnm^mJi^M^zmmti}^ 

^h^fitTL^5^|gtttJ>l.. ^:ix. mx.tmi<ny=7^r^vyxiA<nl^^m&^z 

mw.mmmMcr>m^m.-9tm^^z ot^^^tti^x'^h. 

[0117] 

i^3t*\ zixt><r>nni.^<r>j-^-^-y(r)mmz-mxhh%^{>hh<^x. «ej-f Lfc^jK 

[0118] 
[0119] 

v:::T\ BgBJ^f^^7)g^(i:J:a^^,IlI^)T3t^^^9 a, 9 b^(03cmi£a^. 

^5. 6izi,zx^.mmam<o$3s.''?fmm, 2mm. 4mm^('y^tHm:h 
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[0120] 

:L(D^o^j:4^a<r>mmi. 112 (A) Iz^ltimmm^mi 2 a^h iWBit 
llk^j:<. 02 (A) *t7)3t«iAX2ja^S-M3S-rSfeft, S^X^mizi:i,mt/(^ 

^f^fflSr§(t^v\ Ur>X. BgBJ3ti L{iU-if^(7)3tSl*^4>MaiL^cll<50«m^2r 

[0121] 
[0122] 

<i7Dtt-«J 0 §;i C i: , 
[0123] 

*&{ctStlE-ri.»*5T'^a, «3Ktt^M?B-ri.#^ i: LTJi. «?iji.{f, ^<7)W§ 

mmm.mziiyy-!rAm^tmMmizms^j:tm^t Lttsv^. 

[0124] 

cloiptc, BiBj5t$r7y:J''Aii3Kt L:^>:J^ti5v>-ct, ^wmm^^m-¥i 

J; 0 . H|BjffifflB*tc{iffl5l^a5*t 1 2 a~h i . SBMSo^m^'htjiiiS^iirS 
[0125] 

cliiji. fiajitf 0 1 t^m^i^m 1 2 a , b ^«^-ri.«j$il1f 1 3 ^ . ? ^>tC^ 

j^is^ 1 3 rt . mm^mm^Hzmm^^tmmnzx s . 

[0126] 

hi^^i. m.WMbixm2 (a) ay®2 (b) {Z9rsifzm^itumi2&-^h 

i:m-t hmi 3 a-^hiZ. m^it^Ml 2 a~hS:0i;ttf3»«liAX2tcMLTStlt 

mizm-^mt 1. j; ^ ^r^w^fflsri^^-fr , sji^^LaEB 1 2 a~h ^B^imm-iz 

[0127] 

m±c7)iiisj^Mtci5v^t(i, &Atix(D]y-i'-ytmii. xirmzmytLtimim 
»E;g«#t i 0. iiis-x:)ri6]t(i3tt;tii^ffi3e3efc^L-cfigfflt?. i b i,-^mx'h 
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[0128] 
[0129] 

%m%m:k. mi.^<nt ^'sk'^xwrnt^m i ^(mji^m^m 2 a^("s<«^ 
fc-ri.;tt>T-^i.. ^cnmzxt^ 'mt'mw^\ 2^'-\i>LLx\/AWim^:mi-t 

[0130] 

[0131] 
[0132] 

;^T77-S 1 0 ) . »:OXr -yT-S 1 2 tfcv^T, ±i£iO||lije« (01 ) io^msi 
[0133] 

^fc. '^XAWJi^Ji.tfirfiSOOmmOn'XA ( 1 2-f >-f-'>xyN) X'h'O. v-h 
hMiiSEcO:;^^ §{i-««Jfc LXi^^1]!^com^2 5mmX'M^lfli<^mi)^3 3mm<7) 

mmmhh. mz. ;^T'yrsi4tfcvi-c, ^SMaixx-yf-^-^^^-f jrvaA^S: 

[0134] 

iXiZ. ;^-f'yrSl 6tfcV>T, '>x>'NW±CC7*M'>'Xh&M^Pt. ^<?)f*X-f-y 

{mzR2ftl) &n-FL, '^XAX-f-i^'if^XAWSrn-h'LT. 
ll3t:^r5eT'V-f^;UR2c7)A':J'-y i^-^BX-mht) Ir-^x^NWi^O^vg 7 hffilSS 
Et=e^(S3t) -fl), ^LX. Xf-yrS2 0fc:feV^T. n'xyNWiOiSm&t/X-yfy 

[0135] 

Jili:<0lS7feIS-A-^'-yjg(fcES (Xx-yrs 1 6~Xf--yrS2 0 ) tiH^rS^O^S 

CPSrIoloflJOKI'trr'f -/y/lS (;^T-y 7*322) d^y-f-^ St/^ 
A-yir-vyi/I^ (Xr 7 7-824) fctCfcoT . SdJit tTO^p^ficrA- 
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[0136] 

fzi^. iiTtxstcfcv^T, mom im^h'-i.) cr>mmmt:-^iif>tzm.Tm^m^^ 

[01371 

^gosjiimssiA^ '}-yfmiim^ixtz9 ')~y)\'-j>.x'^o:itifimt lv\ 

[0138] 

^a)?).ts:h-r. m^mm^x'h-yxhiiw Mt, ^wmt. mum^m (wo 

[0139] 

X'7rtxr)^^^<r)f^xrvm'SM<nnmw^. mm=F (ccd^) . ^^f ^ 

[01403 

[;^±cofmi6tt] 

[0141] 
[0142] 

[iii]*?|Baoii*£jg®c7)-^ofi^ss3esiso«B&mjs^^r-a5^«'9it:v^;^ 

[02] ( A ) {±«5\^jta5« 1 2 a^O® 1 c7)||Mfi«JS- + Y*-I«ilf=£)tll, ( B ) {i0 

2 (A)<^AA' i^t?&3Brffi0TS)S. 

[033 (A) (iJi^i^^asfii 2a^<:om20llife^J^+Y^ri6it;:£m (B){±0 

3 (A) <7)AA' ^tc?t^affir®H-CS)S. 

[043 (A) mmkmi 2 a^^omi tfeiim2<ois5fiws-+Y*i6iti,^0. 

( B ) (i7 7 ^ 7-^ 1 4 OAltffi 1 4 a $r + Y:frl*]tC^!t0-CS>2. . 

[053 (A) \.im^mmi2a.mm/y7^7^\^yxiA^+zijmz^tM. 

( B ) (ijgJtaS^B 1 9>f T-f WVX 1 4 cOMffiffi 1 4 b ^- Y:fr|6]fcj!,^0T 

J) I.. 

[063 (A) \i77^T^]yyXlA\,Zi.'f)V^9)VRl±.<n>mS.^m^^-it^tih 
^bimmm. (B) (i^^^fr^f W>'XAItM14a±c7)«3ta5S5tJ:'5U-f^' 
;URl±OBS0E^ffi*q^fl:t-*&wtS:i)iHS-rS0, (C) Ji75^T>f V^XAIt 
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[07] (A) {iHliOHlBg^t^y^I LScoKHl 5i:U^^';PRtoK<^$-fS^6<)CS^ 
tifm (B) tiia? (A) iO-g|5Sr+Y:tri6]ic^m (C) {±117 (A) <^-gi52r 

[08] *^0aiO^SfeJgSOti^ll3^Bi&fflV^T4^*TAMx^S!JttSity)Oi; y 

[I^^OIKBB] 
[0143] 

-mmmm. 9a, gb-mjifjfe^^^. 12a, i2b-ii3fe«ijffiia5i?. 13-ffl 
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